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Wavelengths and their classifications have been compiled for the spectra of the 
atom and all positive ions of aluminum (Z = 13). The selections of data are based 
on the compilations of energy levels by Martin and Zalubas [1979, J. Phys. Chern. 
Ref. Data 8,817 -864], with some updating from the more recent literature. Wave
lengths (or wavenumbers) calculated from the differences of the energy levels are 
given along with the observed values for all classified lines; these calculated wave
lengths should in general be more accurate than the observed values wherever the 
two values differ significantly. Calculated wavelengths are also given for a number 
of lines that have not yet been observed, including some important forbidden tran
sitions. The most complete data art~ givt::n in separate tables for the different spec
tra. No limitation has been imposed on the wavelength range of the classified lines, 
except for the omission of x-ray transitions in the neutral atom. Two finding lists are 
also include.d, one for A1 T through Al III and the other for AI IV through Al XIII. 

Key words: aluminum; atomic energy levels; atomic ions; atomic spectra; atomic wavelengths; atomic 
wavenumbers. 
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1. Introduction 

The Atomic Energy Levels Data Center of the 
National Institute of Standards and Technology (NIST) 
publishes critical compilations of atomic energy levels, 
which have updated and extended the three volumes of 
Atomic Energy Levels by Charlotte Moore [1971]. Martin, 
Zalubas, and Hagan [1978] compiled energy-level data 
for spectra of the rare-earth elements lanthanum to 
lutetium (Z =57 -71). New critical compilations of 
energy~level data have also been published for Na I-XI, 

Mg I-XII, AI I-XIII, SiI-XIV [Martin and Zalubas, 1981, 
1980, 1979, 1983, respectively], P I-XV, and S I-XVI 

[Martin, Zalubas, and Musgrove, 1985, 1990]. Compila-

lions of the energy levels for all spectra of the iron-peri( 
elements potassium through nickel (Sugar and Corli~ 
1985] and for Mo I - XLII and eu I - XXIX [Sugar al 
Musgrove, 1988, 1990] have also appeared~ 

©1991 by the U.S. Secretary of Commerce on behalf of the United 
States. This copyright is assigned to the American Institute of Physics 
and the American C.hemical Society. 
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These new compilations review the literature aJ 

provide a basis for assembling a complete list of c1assifit 
spectral lines for each stage ofionization. Recently NIS 
in collaboration with the Japan Atomic Energy Resear 
Institute, has compiled wavelengths for high~ionizati\ 
spectra of iron, nickel, copper, and molybdenum [ Shil 
et at., 1990, 1987a, 1991, 1987b]. Wavelength compi 
tions for all stages of ionization have been published j 
scamliulll [Kaufman and Sugar, 1988] and magnesit 
[Kaufman and Martin, 1991]. 

We have used the aluminum energy·levels compi 
tions by Martin and Zalubas [19791, supplemented 
some more recent publications, to compile the lists 
classified lines given here. The energy levels were used 
predict wavenumbers and wavelengths for compari~ 
with the directly measured values. 



Wavelengths (or wavenumbers) calculated from the 
fferences of the energy levels are given along with the 
'served values for all classified lines. Unless othelWise 
ted, the calculated wavelengths should in general be more 
curate than the obselVed values wherever the two values 
'fer significantly. The upper energy levels for some tran
:ions were rounded off to fewer significant figures than 
~re given for the obselVed wavelengths, in order to rep
sent the uncertainties of the data more realistically; any 
fferences between such observed wavelengths and val
~s calculated from the rounded-off energy levels are in 
meral insignificant. In a few cases, needed reevalua
)ns of particular energy levels on the basis of more re
:nt measurements have not yet been carried out; and in 
Ime cases we tabulate two or more experimentally re
lIved hyperfine-structure components belonging to a 
ogle calculated transition. The greater accuracy or reso
tion of the pertinent observed wavelengths is men
)ned in such cases. 
The most complete data are given in thirteen separate 
.bles, one for each spectrum (ionization stage). No lim
ation has been imposed on the wavelength range of the 
assified lines, except for the omission of x-ray trans i
Dns in the neutral atom. In addition to electric-dipole 
ansitions, we have tabulated "forbidden" lines from 
lagnetic-dipole or electric-quadrupQle transitions. 
Some observed lines are classified as unresolved blends 

f two or more transitions. We list the calculated wave
:ngth for each of the main components of such a blend 
r, in some cases, the calculated wavelength of the prob
ole strongest component. 
Calculated wavelengths are given for a substantial 

umber of lines that have not yet been observed, includ
kg both allowed and important forbidden transitions. 
'he calculated wavelengths for (helium-like) AI XlI and 
lydrogen-like) AI XIII were derived from theoretically 
:.lculated levels, since their estimated accuracy is greater 
Ian the accuracy of levels based on the available mea
lrements. We have significantly extended the wave
mgth tables for both of these spectra by including 
alculated wavelengths for a relatively large number of as 
et unobserved lines. 
At the beginning of the table for each spectrum, 

re give the isoelectronic sequence, the ground 
rate. ancl the ionization energy (the divisor 
065.5410 ± 0.0024 cm-1/eV has been used to convert 
ravenumber values to eV units [Cohen and Taylor, 
987]). A list of references is also given with each table. 
)ur comments on the data and references are supplementary 
) the information given by Martin and Zalubas [1979]; this 
iference is hereafter abbreviated as "MZ79" and is omitted 
'om the reference lists for the individual tables. 

The format of the tables is similar to that adopted by 
~elly [1987]. The comments below follow the sequence of 
he columns in the. tables_ 

tiuIt. No. 
The multiplet numbers are those assigned by 
Moore [1950, 1959]. 

Phys. Chern. Ref. Data. Vo.l. 20. No.5. 1991 

Relative Intensity 
The numbers are usually visual estimates related 
in some way to plate blackening. Some authors 
limit these estimated to a small range (e.g., 1 to 
10) while others reach into the 1oo,000's. Such 
numbers are useful within a small wavelength 
range and are meaningful only for comparing 
lines of a particular spectrum as taken from a 
particular reference. More meaningful relative 
intensities obtained with photoelectric or solid
state detectors are given by some authors, espe
cially for observations in the infrared region. We 
have in some cases adjusted the intensities 
in particular regions to reduce apparent dis
crepancies between different observers, etc. 
Kelly [1987] adjusted the various intensity scales 
of the original observers to a normalized scale 
having a maximum intensity of 1000. For some 
spectra, we give Kelly's adjusted intensities for 
some or all of the lines below 2000 A. We use the 
following symbols to further characterize the 
lines: 

M1, M2, E2,... magnetic-dipole, magnetic
quadrupole, electric-quadrupole,... tran
sition 

bl blended with another line that may affect 
the wavelength and intensity 

m masked .. by another line (no wavelength 
measurement) 

d diffuse, wide, hazy, etc. 
g transition involving a level of the ground 

term 
a observed in absorption 

Wavelength 
Vacuum wavelengths are given for the region be
low 2000 A and wavelengths in standard air for 
the region 2000 -10 000 A. The data are tabu
lated in order of increasing wavelengths. Both 
th~ ubs~rv~d and calculated wavelengths are 
given for the classified lines, the calculated val
ues being obtained from the energy-levels differ
ences_ A question mark following a calculated 
wavelength indicates that the energy-levels clas
sification of the line is questionable. We con
verted vacuum wavelengths or wavenumbers to 
wavelengths in air using the three-term formula 
of Peck and Reeder [1972] for the index of re
fraction of air. 

Wavenumber 
Vacuum wavenumbers are given instead of wave
lengths for lines having wavelengths greater than 
10000 A (1000 nm). The lines are listed in order 
of decreasing wavenumber, and both the ob
served and calculated values are given for c1as·si
fied lines. 
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Levels 
The numerical values of the two levels for the 
transition. The values of levels obtained from 
theoretical calculations are enclosed in brackets. 
A question mark following the upper level indi
cates that the classification is tentative. 

Configurations, Terms, and] Values 

Ref. 

These data for the two levels are given in succes
sive columns. The configuration and term nota
tions are described fully by Martin et al. [1978]. 
Levels having incomplete theoretical designa-

. tions are indicated by blank spaces in one or 
more of the columns. A blank] value may also 
indicate that the corresponding level value repre
sents two or more unresolved levels. A fully in
terpreted level lacking an appropriate 
configuration and/or term designation because of 
a strongly mixed eigenvector composition is indi
cated by the symbol" ($1 " in the corresponding 
column(s). 

The letter-numerical symbols indicate references 
listed at the beginning of the table. The refer
ences in this column are for the observed wave
length values only. If two or more references are 
listed for a single observed wavelength, the value 
is usually a weighted average. 

The tables for the individual spectra are followed by 
two finding lists. Section 3 contains the lines of Al I 
through AI III and Section 4 contains the lines of AI IV 

through AI XIII. This separation is intended to follow 
roughly the division of user interests. The two finding lists 
include only wavelengths, intensities, and spectrum sym
bol. The wavelengths in the finding lists are observed val
ues unless otherwise indicated: wavelengths calculated 
from experimental energy levels are followed by the letter 

"e", and calculated wavelengths involving theoretical 0: 

series-formula levels are given in brackets. 

1.1. References for the Introduction 

Cohen, E. R, and Taylor, B. N. [1987], Rev. Mod. Phys. 59, 1121-1148 
Kaufman, V., and Martin, W. C. [1991], J. Phys. Chern. Ref. Data 20 

83-152. 
Kaufman, V., and Sugar, J. [1988], J. Phys. Chern Ref. Data 17 

1679-1789. 
Kelly, R L. [1987], J. Phys. Chern. Ref. Data 16, Suppl. No.1. 
Martin, W. C., and Zalubas, R [1979], J. Phys. Chern. Ref. Data 8 

817-864 . 
Martin, W. C., and Zalubas, R [1980], J. Phys. Chern. Ref. Data 9 

1-58. 
Martin, W. C., and Zalubas, R [1981], J. Phys. Chern. Ref. Data 10 

153-195. 
Martin, W. C., and Zalubas, R. [1983], J. Phys. Chern. Ref. Data 12 

323-380. 
Martin, W. C., Zalubas, R,. and Hagan, L. [1978], Atomic Ene'8l 

Levels - The Rare-Earth Elements, Natl. Stand. Ref. Data Ser., Natl 
Bur. Stand. (U.S.) 60, 422 pp. 

Martin, W. C., Zalubas, R, and Musgrove, A. [1985], J. Phys. Chern 
Ref. Data 14, 751- 802. 

Martin, W. C., Zalubas, R, and Musgrove, A. [1990], J. Phys. Chern 
Ref. Data 19, 821- 880. 

Moore, C. E. [1950], U.S. Natl. Bur. Stand., Cire. 488. Sec. I. 
Moore, C. E. [1959], U.S. Natl. Bur. Stand., Tech. Note 36. 
Moore, C. E. [1971], Atomic Energy Levels, Natl. Stand. Ref. Data Ser. 

Natl. Bur. Stand. (U.S.) 35, Vol. 1,359 pp.; Vol. 11,259 pp.; Vol. III 
282 pp. (Reprint of NBS Cire. 467 published in 1949 (Vol. I), 195~ 
(Vol. II), and 1958 (Vol. III).) 

Peck, E. R., and Reeder, K. [1972], J. Opt. Soc. Am. 62, 958. 
Shirai, T., Funatake, Y., Mori, K., Sugar, J., Wiese, W. L., and Nakai 

Y. [1990], J. Phys. Chern. Ref. Data 19, 127-275. 
Shirai, T., Mori, K., Sugar, J., Wiese, W. L., and Nakai, Y., and Ozawa: 

K. [1987a], At. Data Nuel. Data Tables 37,235 -332. 
Shirai, T., Nakagaki, T., Nakai, Y., Sugar, J., Ishii, K., and Mori, K 

[1991], J. Phys. Chern. Ref. Data 20, 1-81. 
Shirai, T., Nakai, Y., Ozawa, K., Ishii, K., Sugar, J., and Mori, K 

[1987b], J. Phys. Chern. Ref. Data 16, 327-377. 
Sugar, J., and Corliss, C. [1985], J. Phys. Chern. Ref. Data 14, Suppl. No. 

2. 
Sugar, J., and Musgrove, A. [1990], J. Phys. Chern. Ref. Data 19, 527-

616. 

J. Phys. Chem. Ref. Data. Vol. 20. No.5. 1991 
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2. Tables of Wavelengths and Energy Level Classifications 

All 

Ionization energy 48 278.480 ± 0.025 cm -1 (5.985 771 ± 0.000 003 e V) 

As noted in MZ79, components of the 3s3p2 20 term 
contribute to the eigenvectors of the 3s 2nd 20 series 
members so that most of the 3s 3p 2 20 composition is dis
tributed amongst the first few members of the series. This 
absorption of the 3s3p2 20 term by the 3s7ul series leads 
to a mislabeling of the higher 3s 2nd members if the lower 
20 terms are assigned 3s 2nd names in the unbroken 
sequence n = 3,4,5,.... We have here avoided this 
mislabeling by designating the former 3s 24d 20 term as 
''y 20" and reducing by unity the n values of all the pre- . 
vious 3s2nd 2D terms having n ~5. This change must be 
taken into account in comparing the classifications of transi
tions involving the 3s 2nd 2D levels given here with those in 
the previous literature and also with the levels tabulated in 
MZ79. 

Ericksson and Isberg [Et] gave their measurements of 
the 3s23p - 3s24s and 3s23p - 3s23d resonance wave
lengths to four decimal places, although the observed 
lines are complicated by hyperfine spreads of - 0.03 to 
-0.05 cm-1 for the levels involved. We have listed four
place calculated wavelengths for the lower 3p - nd and 
3p - ns series members (2169 - 3962 A), in part to indi
cate their higher aCCllracy relative to other Jines in thi!i: 
region. Paschen's [P4] measurements of weakly recorded 
lines have apparent errors up to ± 0.06 A. 

The observations of the higher 3p - ns and 3p - nd 
series members are described in MZ19. We have recalcu-
lated the lOs through 16s levels using a new series for
mul~ (see below). The energy levels for some of the 
higher nd 2n terms in MZ19 were derived entirely from 
Yamashita's measurements [Yl1 because of an apparent 
systematic error in the results of [P3]; we nevertheless 
give averaged values for the "observed" wavelengths in 
the region where the two sets of observations overlap. 

The infrared observations by Biemont and Brault [Bl] 
cover the range 8884"-1866 cm-l, the apparent 
wavenumber uncertainty being a few units in the third 
decimal place for most of the lines. Biemont and Brault 
located the 3s25g, 6g, 7g, and 7h doublet terms, and 
Chang [1990] used the new infrared data of [B1l to 
reevaluate the levels in the range from 3s 23d through 
3s 27h. The corresponding level values adopted here are 
mostly from Chang's results, the main exceptions being 
that we have included measurements from [El] in evalu
ating the 3s 23d and 3s 26flevels. We have omitted the hy
perfine structures included in Chang's evaluations of the 
3s 2ns , np, and nd levels; for some transitions we thus list 
the experimental wavenumbers for two or more resolved 
hyperfine components [BI] along with a single calculated 
wavenumber. 

We have also reevaluated the 3s 3p epo)nd 2Do ; 
levels using the new 3s 2nd 2D level values. The re 
3s 3p epo)3d 2Do levels have Ritz-principle cons is 
justifying three decimal-place values. We also give 
place values for the 3s 3p 2 2p levels, based on the if 
transitions 3s3p2 2P-3s3PCPO)3d 20° [El]. Th 
four-place Ritz-principle calculated wavelengths 
for the 3s23p 2po-3s3p 2 2p lines (1763-1769 i 

probably accurate within ±O.OOI A. 
The 3s 2ng and 7h terms are connected to the 3s: 

ground term through accurate measurements of v 
infrared transitions [Bl; B4; see Chang, 1990] a1 
3s23p - 3s24s resonance doublet [El]. We obtaim 
ionization energy given above by fitting the 3s 25g , 
and 7h terms to a core-polarization formula wit 
dipole polarizability, the quadrupole polarizabilin 
the ionization energy as variable parameters. This 
for the ionization energy agrees exactly with the 
Chang obtained by an essentially similar procedure 
estimated uncertainty is mainly due to the overallll 
tainty of the connection of the 3s 2ng and 7h levels 
the ground term. 

We give the calculated wavenumber of the 6h -7 
(810.706 em-I), and also the energies for both of . 
levels, as obtained from the polarization formula; ne 
level is connected experimentally to the other knowl 
els. 

We have fitted the 3s 2ns (n = 4 - 9) and ~ 
(n = 3 -7) levels to new Ritz-type series formulae 
those used in [Et], but with the limit fixed at the n 
adopted value. Although this adopted limit is 0.11 ( 
higher than the value derived in El from a fit of tb 
series (n = 4 - 6). we find no unacceptable deviatiol 
any of the ns or np levels from our formulae. 

Zherikhin et al. [Zl] used a laser step-excita 
method to observe 3d - nf transitions for n = 11 tc 
(6234 - 6697 A). We combined their experime 
wavenumbers for the 3d 203/2 - nf 2Fs/2 and 
205/2 - nf 2po transitions with the adopted 3d 2D level 
ues to obtain an average position for each nf2p term. 
then fitted a three-constant Ritz formula to the entin 
series (n = 4 - 8, 11-55) with appropriate rela! 
weights for the different members and allowed the Ii 
to vary. This procedure yielded a limit of 48 278.45 crr. 
in reasonable agreement with the value adopted abo 
The limit we obtain from the nf series is 0.03 cm -1 abc 
the value derived by Zherikhin et al. [Zl], partly becal 
our nf 2po levels are systematically higher than the vah 
of [Zl] (due to higher 3d 20 levels) and partly because 
include the lower series members with high relat 
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weights. The 91 and 10f 2p levels adopted here were cal
culated with the new series formula. 

The two-place observed wavelengths given for the 
3d - nf lines (n = 11-55) were obtained from the corre
sponding experimental wavenumbers [ZI]. The three
place wavelengths calculated from the levels should on 
the average be somewhat more accurate. The estimated 
wavenumber error of ± 0.05 cm -1 [ZI] corresponds to 
± 0.02 A; somewhat larger discrepancies for some of the 
3d - nf measurements are indicated by the nf series be
havior. 

Cantu et al. [Cl] have observed the absorption spec
trum in the region near 150 A and classified 8 of 33 mea
sured lines as arising from L-shell excitation. We give 
their classifications for four lines; the corresponding up
per levels were evaluated by assuming each line to be an 
unresolved doublet comprising the transitions from both 
2Pl12,312 ground-term levels. We have omitted mUltiple 
classifications for four other lines because the upper lev
els involved are not experimentally resolved. 

Mult. ReI. Vac. Wavelength (A) Level!!: (em-l) 
No. Int. ObseIVed Calculated Lower Upper 

Sa. 145.88 
8a 146.26 

2a 150.40 
3a 150.94 
Sa 151.84 

Sa. 152.32 
6a 152.72 
3a 152.85 
2a 153.06 

All 

2a 153.25 {153.23 0.000 - 652600 
153.26 112.061 - 652600 

2a 153.62 
4a 153.88 
la 154.26 
la 154.45 
5a 154.84 

2a 154.99 
2a 155.10 

20a 155.40 
lOa 155.83 
9a 156.05 

7a 11.>0.25 
2a 156.65 {156.64 0.000 - 638400 

156.67 112.061 - 638400 
2a 156.72 156.72 112.061 - 638080 
2a Ibo.M7 

la 157.03 
3a 157.13 
9a 15'(.2'{ {lb7.25 0.000 - 6;:J5 9~U 

157.28 112.061 - 635920 
2a 157.44 

References 
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Configurations Terms J Ref. 
Values 

C1 
Cl 
C1 
Cl 
01 

01 
01 
01 
01 

2p63s 23p - 2p 53s 23p(1S)4s 2po_ 2S 1/2 - % 01 
2pll3s23p- 2p 53s23PctS)4s 2po_ 2S %-% 

01 
01 
01 
01 
Cl 

Cl 
Cl 
Cl 
Cl 
Cl 

Cl 
2p 63s z3p - 2p 53s 23p (3D)4s zpo_ 4n I/Z- 3Jz Cl 
2p 63s 23p_ 2p53s23p('lD)4s zpo_ 4D %-% 
2p 63s23p_ 2p 53s23p(3D)4s zpo_ 4D %-% Cl 

Cl 

Cl 
Cl 

~poasz3p_ 2p D3sZ3peS)4s zpo _ liS '/2- '/2 C1 
2pll3s 23p - 2p 53s 23pfS)4s 2po_ 28 %-% 

Cl 



All - Continued 

Mult. ReI. Vac. Wavelength (A.) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

la 157.64 Cl 
2a 157.86 Cl 
2a 157.98 C1 
2a 158.08 Cl 
6a 159.25 Cl 

36g,a 1181.907 1181.907 112.061 - 84721.1 3s2(1S)3p - 3s3pepo)llp? 2po_ 2S? %-%? HI 
26g,a 1182.01 1182.01 112.061 - 84714 3s2eS)3p - 3s3pfP")11p? 2p" _ 2D? 3/2 - 6127 Rl 
57g,a 1182.379 1182.378 0.000 - 84575.3 3s 2(1S)3p - 3s3pepo)l1p? 2po_ I/Z- %? HI 
81g,a 1185.660 1185.660 112.061 - 84453.3 3s 2(1S)3p - 3s3pcaP")IOp? 2po _ 2S? %- 1/2? R1 
57g,a 1185.79 1185.79 112.061 - 84444 3s2ctS)3p - 3s3pepo)IOp? 2po_ 2D? %-%? HI 

60g,a 1186.346 1186.347 0.000 - 84292.4 3s2(1S)3p - 3s 3p eP") 1 Op? 2po_ 1/2- %? Rl 
94g,a 1190.939 1190.939 112.061 - 84079.4 3sZeS)3p - 3s3peP")9p? 2po _ 2S? %-%? Rl 
75g,a 1191.34 1191.34 112.061 - 84051 3sz(1S)3p - 3s3pepo)9p? 2po _ 2D? 3Jz- %? Rl 

130g,a 1192.211 1192.212 0.000 - 83877.7 3s2eS)3p - 3s3p(1P")4p? 2po _ 2p? 1/2 - %? Rl 
140g,a 1192.320 1192.321 0.000 - 83870.0 3s2(lS)3p_ 3s3peP")9p? zpo_ l/z- %? Rl 

86g,a 1193.807 1193.807 112.061 - 83877.7 3sZ(lS)3p - 3s3pepo)4p? zpo_ zp? %-%? HI 
62g,a 1194.955 1194.955 112.061 - 83797.2 3sZeS)3p - 3s3peP")4p? zp" _ zp? %_ liz? Rl 
36g,a 1197.73 1197.73 0.000· - 83491 3s2(1S)3p - 3s3pctP")4p? 2po _ ZD? llz- % Rl 
65g,a 1198.482 1198.48 0.000 - 83439 3sz(1S)3p - 3s3peP")8p? 2po _ 2D? 1/2- %? Rl 

125g,a 1198.686 1198.687 lI2.061 - 83536.7 3sZctS)3p - 3s3pepo)8p? 2po_ zS? %- 1/2? Rl 

86g,a 1199.34 1199.34 112.061 - 83491 3s2(IS)3p - 3s3pctpo)4p? Zpo _ 2D? %-% Rl 
120g,a 1199.959 1199.96 112.061 - 83448 3s 2(1S)3p - 3s 3p epo)8p? 2po _ 2D? %-%? RI 
91g,a 1200.095 1200.09 112.061 - 83439 3s2(lS)3p - 3s3pepo)8p? 2po_ 2D? %-%? Rl 
96g,a 1200.459 1200.454 0.000 - 83301.8 3s2(lS)3p - 3s3pepo)8p? Zp"_ 1/2- %? Rl 

150g,G 1200.853 1200.849 0.000 - 83274.4 3sZeS)3p - 3s 3p fpo)8p? 2po _ 1/2_ %? Rl 

34g,a 1202.066 1202.071 112.061 - 83301.8 35 2(1S)3p - 3s3PfP")8p? 2po_ %...;.%? Rl 
160g,a 1202.463 1202.467 112.061 83274.4 3s2ctS)3p - 3s3pepo)8p? 2p" _ %- 31z? Rl 
55g,a 1209.165 1209.164 0.000 - 82701.8 3s ll(lS)3p - 3s3p(lpo)7p lIpo _ 2S 1/z- liz Rl 

11Og,a 1210.803 1210.804 112.061 - 82701.8 3s 2(1S)3p - 38 3p epo)7p 2po _ 2S %-1/2 Rl 
1 05g, a 1212.33 1212.33 112.061 - 82598 3sZctS)3p - 3s3pfP")7p 21'" _ 2D %-% Rl 

165g,a 1213.425 1213.429 0.000 - 82411.1 3s z(lS)3p - 3s3pcaP")7p 2po_ 1/2- % Rl 
78g,a 1213.954 1213.955 0.000 - 82375.4 3s2(lS)3p - 3s3p(3P")7p 2p"_ lJz - liz? Rl 

265g,a 1214.553 1214.555 0.000 - 82334.7 3s2(lS)3p - 3s3p(3P")7p 2p"_ 1/2 - %1 Rl 
96g,a 1215.084 1215.081 112.061 - 82411.1 3s2ctS)3p - 3s3p(3po)7p 2po_ %-%? Rl 

260g,a 1216.212 1216~21O 112.061 - 82334.7 3s2eS)3p - 3s3p(3po)7p 2po_ %-%? Rl 

160g,a 1229.783 1229.785 0.000 - 81 315.0 3s2(1S)3p - 3s3p(3P")6p 2po_ 2S 1/2- % R1 
455g,a 1231.484 1231.483 112.061 - 81315.0 3s2eS)3p- 383p(3po)6p 2po_ zS %-% Rl 

1 OOOg, a 1234.85 1234.84 112.061 - 81094 3s2eS)3p - 3s3pepo)6p 2po_ 2D %-% Rl 
50g,a 1235.587 i235.585 0.000 - 80933.3 3s2('S)3p - 3s 3p eP")6p 21"'_ 1/2- %? Rl 

lOOg,a 1237.298 1237.299 112.061 - 80933.3 3s 2ctS)3p - 3s 3p caP")6p zpo_ %-%? HI 

590g,a 1237.442 1237.443 0.000 - 80811.8 3s 2(' S)3p - 3s 3p epo)6p 2po_ 1/2- %? Rl 
230g,a 1237.986 1237.985 0.000 - 80776.4 382('S)3p - 3s3peP")6p 2po_ 1/2- %? Rl 
550g,a 1238.628 1238.629 0.000 - 80734.4 as 2(IS)3p - 3s 3p caP")6p 2po_ 1/2- %? Rl 
260g,a 1238.810 1238.809 0.000 - 80722.7 35z('S)3p - 3s3p(3J>")6p 2po _ %- liz? Rl 
"I15g,a 123~.162 123~.161 ll2.U6l - 80811.8 3s 2CS)3p - 3s3p("J>")6p 21"'_ 1I1z- 1Ih? Rl 

1035g,a 1240.352 1240.351 112.061 - 80734.4 3s 2('S)3p - 383pcaP")6p 2po_ %-%.? Rl 
425g,a 1240.531 1240.531 112.061 - 80722.7 3s 2(' S)3p - 3s 3p (3po)6p 2po _ %-%? Rl 
285g,a 1269.906 1269.906 U.UUU - 78742.U 3s z(1S)3p - 3s3PcaP")5p 21'" - ~S 1/2 - liz RI 
620g,a 1271.765 1271.766 112.061 - 78742.9 3s2(1S)3p - 383p(3J>")5p 2po _ 2S %- 1/2 Rl 

1780g,a 1279.45 1279.44 112.061 - 78271 3s 2('S)3p - 3s3pcaP")5p 2po _ 2D %-% Rl 

75g,a 1284.404 1284.464 U.UUU - 77 853.5 3s z(1 S)3p - as 3p eP")5p 21"'_ I/Z - 1I12? Rl 
155g,a 1286.325 1286.315 112.061 - 77853.5 3s2(IS)3p - 3s3pcapo)5p 2p"_ %.-%? RI 

llOOg,a 1286.789 1286.791 0.000 - 77712.7 35 2(' S)3p - 38 3p caP")5p 2po _ 2p 1/2 - % Rl 
395g,a 1287.532 1287.533 0.000 - 77667.9 3s 2('S)3p - 3s3peP")5p 2po_ 1/2- 1/2? RI 
730g,a 1287.946 128'1.948 U.UOU - 77642.9 3s ZCS)3p - 3s3p("P")5p ZP" _ l/z- 31z? R1 
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WAVELENGTHS AND ENERGY lEVELS OF ALUMINUM 

AI I - Continued 

=::;;-
Vae. Wavelength (A) 

i i , i 

Mult. ReI. Levels (em-I) Configurations Tenus J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

-
570g,a 1288.210 1288.212 0.000 - 77627.0 3s2(lS)3p - 3s3peP")5p 2p"_ 112- lJz? Rl 

2090g,a 1288.650 1288.649 112.061 - 77712.7 3s2(lS)3p - 3s3peP")5p 2p".;.. 2p %-% Rl 
335g,a 1289.393 1289.394 112.061 - 77667.9 3s2(lS)3p - 3s3p(3P")5p 2P"_ %- 1/2? Rl 

1890g,a 1289.812 1289.809 112.061 - 77642.9 3sZeS)3p - 3s3peP")5p zP"_ %-%? Rl 
475g,a 1290.076 1290.074 112.061 - 77627.0 3sz(lS)3p - 3s3peP")5p 2P"_ %- lJz? Rl 

705g,a 1368.908 1368.907 0.000 - 73051.0 3s2eS)3p - 3s3pcaP")4p 2p" _ 2S 1/2_ lJz RI 
1130g,a 1371.010 1371.0iO 112.061 - 73051.0 3s2(lS)3p - 3s3pcaP")4p 2p"_ 2S %-lJz R1 
2350g,a 1397.80 1397.80 112.061 - 71 653 3sz(lS)3p - 3s3pcaP")4p ZP"_ 20 .%-% R1 
4370g,a 1413.156 1413.158 0.000 - 70763.5 3s2eS)3p - 3s3pcaP")4p 2ll" _ 2p IIz- 3/2 Rl 
1150g,a 1414.240 1414.239 0.000 - 70709.4 3s2(lS)3p - 3s3peP")4p 2p" _ 2p liz - lJz R1 

1870g,a 1415.401 1415.399 112.061 - 70763.5 3s2(lS)3p - 3s3peP")4p 2p" _ 2p .%-% R1 
1 OOOg, a 1416.481 1416.484 112.061 - 70709.4 3sz[lS)3p - 3s3pcaP")4p 2p" _ 2p %-% R1 
630g,a 1417.222 1417.224 0.000 - 70560.5 3sz(lS)3p - 3s 3p eP")4p 2P"_ 1/2- %? RI 

I 040g, a 1419.479 1419.478 112.061 - 70560.5 3s2(lS)3p - 3s3p(3po)4p 2po_ %-%? Rl 
800g,a 1425.037 1425.036 l12.061 - 70285.7 3sZctS)3p- 3s3pCSP")4p zp" _ %- 31z? RI 

380g,a 1431.018 1431.018 0.000 - 69880.3 3sz(lS)3p - 3s3pepo)4p 2po_ 1/2- %? Rl 
315g,a 1431.865 1431.859 0.000 - 69839.3 3s2eS)3p - 3s3pcapo)4p 2po_ 1/2 _ liz Rl 
500g,a 1434.155 1434.160 112.061 - 69839.3 3s 2(lS)3p - 3s 3p CSpo)4p 2P"_ %-% R1 
100g 1762.899 1762.8918 0.000 - 56724.980 3s2eS)3p - 3s3p2 2po _ 2p IIz- % El 
200g 1765.636 1765.6323 0.000 - 56636.933 3s2eS)3p - 3s3p2 2po _ 2p 1/2- 1/2 El 

200g 1766.385 1766.3813 112.061 - 56724.980 3s 2eS)3p - 3s3p2 2po _ 2p %-% El 
200g 1769.140 1769.1327 112.061 - 56636.933 3s2(lS)3p - 3s3p2 2po _ 2p %-% El 

1000g,a 1932.268 1932.266 0.000 - 51 752.7 3s 2(lS)3p - 3s3p2 2po _ 2S 1/2- 1/2 RI 
12oog,a 1936.457 1936.459 112.061 - 51 752.7 3s 2eS)3p - 3s3p2 2po _ 2S %-lJz Rl 

Air Wavelength (A) 

g,a 2079.62 {2079.64 0.000 - 48070 3sz(lS)3p - 3sZeS)23d 2P"_ 20 %-% P3 
2079.64 112.061 - 48182 3s 2(lS)3p - 3s2(IS)34d 2p"_ 20 %-% 

g,a 2079.87 2079.86 112.061 - 48177 3s2(IS)3p - 3s2eS)33d 2po _ 20 %-% P3 
g,a 2080.15 2080.16 112.061 - 48170 3s2(lS}3p - 3s2eS}32d 2ll" _ 2D %-% P3 
g,a 2080.46 {2080.46 0.000 - 48051 3szctS)3p - 3s2(lS)22d 2po _ 20 1/2- % P3 

2080.46 112.061 - 48163 3sz(1S)3p - 3s2eS)3Id zpo _ Zo %-% 
g,a 2080.79 2080.81 112.061 - 48155 3sz(1S)3p - 3sz(lS)3Od 2po _ 2D %-% P3 

g,a 2081.15 2081.16 112.061 - 48147 3sz(lS)3p - 3s2eS)29d 2po _ 20 %-% pa 
g,a 2081.40 2081.32 0.000 - 48031.1 3s 2(1S)3p - 3s2(lS)21d zpo _ 20 1/2 - % pa 
g,a 2081.57 2081.59 112.061 48137 3szeS)3p - 3s2eS)28d 2ll" _ 2D %-512 pa 
g,a 2082.01 2082.02 112.061 - 48127 3s2(1S)3p - 3s2ctS)27d zpo _ 20 %-% P3 
g,a 2082.50 2082.47 0.000 - 48004.7 3s2(IS)3p - 3s2(lS)2Od zpo _ 20 1/2- %. P3,Y 

g,a 2082.53 2082.54 112.061 - 48115 3s 2(lS)3p - 3s2(IS)26d 2po _ 2D %.-% P3 
g,a 2083.10 2083.11 112.061 - 48102 3s2(1S)3p - 3s2eS)25d 2po _ 2D %.-% P3 
g,a 2083.75 {2083.75 0.000 - 47975.1 3s2(lS)3p - 3s2eS)19d 2po _ 2D %-% P3,Y 

2083.76 112.061 - 48087 3s2eS)3p - 3s2eS)24d 2po _ 'lD %-% 
g,a 2084.48 2084.50 112.061 - 48070 3s 2(IS)3p - 3s2(IS)23d 2po _ 20 %.-%. P3 

g,a 2085.24 2085.25 0.000 - 47940.7 3szctS)3p - 3sZctS)lSd 2po _ 2D Ih.- 3/2 pa,Y 
g,a 2085.32 2085.32 112.061 48051 3s2(lS)3p - 3s 2(lS)22d 2po _ 20 %-% P3 

\g.a 2086.23 2086.19 112.061 - 48031.1 3s 2(lS)3.v - 3s2(IS)21d 2ll" _ 2D %_5/? P3.Y 
g,a 2087.06 2087.01 0.000 - 47900.1 3s'leS)3p - 3s2eS)19d 2po _ 20 1/2- % P3,Y 
g,a 2087.36 2087.34 112.061 - 48004.7 3sz(1S)3p - 3sz(1S)2Od 2P" _ 20 %-% P3,Y 

a.a 2088.66 2088.63 112.061 - 47975.1 3s2eS)3.v - 3sZctS)19d 2po _ 2D %-% P3,Y 
g,a 2089.15 2089.16 0.000 - 47850.9 3s2eS)3p - 3s2eS)16d 2p<> _ 2D 1/2- 3/2 P3,Y 
g,a 2090.16 2090.13 112.061 47940.7 3sz(1S)3.v - 3s2[1S)I8d 2P" _ 'lo %-% P3,Y 

g,a 2091.70 2091.69 0.000 47793.0 3sZeS)3p - 3s2eS)15d 2p"_ 2D llz- % P3,Y 
(l,a 2091.92 2091.91 112.061 - 47900.1 3s2(1S)3.v - 3s 2(IS)17d 2po _ 2D %-% P3,Y 



AI I - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

1 2093.3 2093.35 32436.796 - 80191.9 3s2(IS)3d - 3s 3p eP")5d 2D_ 2Do %-% P4 

g,a 2094.08 2094.06 112.061 - 47850.9 3s2(1S)3p - 3s2eS)I6d 2po_ 2D %-% P3,Yl 
g,a 2094.84 2094.84 0.000 - 47721.3 3s2(1S)3p- 3s2(1S)I4d 2po_ 2D 1/2 -% P3,Yl 

g,a 2096.62 2096.61 112.061 - 47793.0 3s2(1S)3p- 3s2eS)I5d 2po_ 2D %-% P3,Yl 

g,a 2098.75 2098.74 0.000 - 47632.6 3s2(1S)3p - 3s2eS)I3d 2po_ 2D 112-% P3,Yl 
\ 

g,a 2099.10 2099.06 112.061 - [47737.41) 3s2(1S)3p - 3s2(1S)I6s 2po_ 2S %-1/2 P3 

g,a 2099.79 2099.77 112.061 - 47721.3 3s2(1S)3p- 3s2eS)I4d 2po_ 2D %-% P3,Yl 

g,a 2102.58 2102.55 0.000 - [47546.12] 3s2eS)3p - 3s2eS)14s 2po_ 2S 112- 1/2 P3 
g,a 2102.85 2102.80 112.061 - [47652.58) 3s2(1S)3p - 3s2(1S)I5s 2po_ 2S %-1/2 P3 
g,a 2103.66 2103.66 0.000 - 47521.1 3s2(1S)3p - 3s2eS)12d 2po_ 2D 1/2- % P3 

g,a 2103.71 2103.69 112.061 - 47632.6 3s2(1S)3p - 3s2(1S)I3d 2po_ 2D %-% P3 

g,a 2107.55 2107.52 112.061 - [47546.12] 3s2eS)3p - 3s2(lS)Ns 2po_ 2S %-% P3 
g,a 2108.62 {2108.59 0.000 - [47409.97) 3s2(1S)3p - 3s2(lS)I3s 2po _ 2S 1/2- 1/2 P3,Yl 

2108.63 112.061 - 47521.1 3s2(1S)3p - 3s2(1S)I2d 2po _ 2D %-% 
g,a 2109.99 2109.99 0.000 - 41318.1 3s11CS)3P - 3s 11CS)l1lt llf"'_llD Itz- % P3,Yl 

g,a 2113.61 2113.59 112.061 [47409.97) 3s 2(1S)3p- 3s2(IS)I3s 2po _ 2S %- liz P3,Yl 

g,a 2114.968 2114.968 112.061 - 47379.14 3s 2(lS)3p - 3s2ctS)11d 2po_ 2D %-% E3 
g,a 2116.56 2116.54 0.000 - [47232.00] 3s 11CS)3P - 3s ZeS)125 z}"'_ Zs JIa- liz P3,Yl 

g,a 2118.312 2118.316 0.000 - 47 192.38 3s2(lS)3p - 3s2(lS)IOd 2po _ 2D %-% E3 
g,a 2121.59 2121.57 112.061 - [47232.00] 3s2(1S)3p -. 3s2(lS)12s 21'" _ 2S %-% P3,Yl 

Ig 2123.362 2123.362 112.061 - 41192.3 3s11('S)3p- 3s 11('S)lO£t 21"'_ 2U 3tz - °tz El 
g,a 2127.30 2127.30 0.000 - [46993.11) 3s2(1S)3p - 3s2(1S) lIs 21'" _ 2S 1/2- 1/2 P3 

Ig 2129.663 2129.663 0.000 - 46940.97 3s 2(1S)3p - 3s2eS)9d 2po_ 2D 1/2- % El 
g,a 2132.39 2132.39 112.061 - [46993.11] 3s 2(1S)3p - 3s2(1S)11s 2po_ 2S %-% P3 

2g 2134.733 2134.733 112.061 - 46941.55 3s2(1S)3p - 3s2(1S)9d 2po_ 2D %-% El 

g,a 2142.39 2142.40 0.000 - [46661.93] 3s2(1S)3p - 3s 2(1S)10s 2po_ 2S 1/2- 112 P3 
3g 2145.555 2145.555 0.000 - 46593.32 3s 2(1S)3p - 3s2(1S)8d 2po_ 2D 1/2- % El 
g,a. 2147.54 2147.56 112.061 - [46661.93) 3s 2(1S)3p - 3s 2eS)10s 2po_ 2S %-1/2 P3 

5g 2150.699 2150.699 112.061 - 46593.95 3s2(1S)3p - 3s2(1S)8d 2po_ 2D %-% El 
3 2160.383 2160.387 32436.796 - 78710.26 3s 2(lS)3d- 3s3peP")4d 2D_ 2li'" %-% El 

g 2164.55 2164.5774 0.000 - 46183.895 3s2(1S)3p - 3s2(1S)9s 2po_ 2S 1/2- % P4 
2 2164.915 2164.911 32435.453 - 78612.23 3s 2eS)3d - 3s 3p eP")4d 2D_ 2li'" %-% El 

UV9 Ig 2168.805 2168.8265 0.000 - 46093.424 3s2eS)3p - 3s 2eS)7d 2po_ 2D 1/2 - % P4 
g 2169.81 2169.8429 .112.061 - 46183.895 3s2(1S)3p - 3s2(1S)9s 2po_ 2S %- liz P4 

UV9 Ig 2174.028 2174.0707 112.061 - 46094.312 3s2(1S)3p - 3s2eS)7d 2p"_ 2D %-% P4 

4 2177.396 2177.395 29066.96 - 74979.02 3s3p2 - 3s3prP")5s 4p_ "PO %-% El 
5 2180.996 2180.997 29 142.78 - 74979.02 3s 3p 2 - 3s 3p eP")5s "P- "po %-% El 

uva 19 2199.15U ~199.1827 0.000 - 45457.244 3s 2(1S)3p - 3s2(lS)8s 2po_ 2S 1/2- % P4 
UV8 2g 2204.590 2204.6181 112.061 - 45457.244 3s2(lS)3p - 3s 2(IS)8s 2p" _ 2S %-1/2 P4 
UV7 2g 2204.660 2204.6676 0.000 - 45344.165 3s 2(1S)3p- 3s 2eS)6d 2po _ 20 112- % P4 

UV7 2g 2210.046 221O.U6U3 112.061 - 45345.594 3s2(1S)3p - 3s 2(1S)6d 2po _ 20 %-% P4 
UV6 2g 2257.999 2258.0070 0.000 - 44273.133 3s2(lS)3p - 3s 2(IS)7s 2po _ 2S 1/2 - liz P4 
UV5 4g 2263.462 2263.4644 0.000 - 44166.398 3s2(lS)3p- 3s2(lS)5d 2po _ 20 llz- % P4 
UV6 2g 2263.731 2263.7374 112.061 - 44273.133 3s2ctS)3p - 3s2(lS)7s 2po _ 2S %-1/2 P4 

3 2266.U14 2266.016 32436.796 - 76·553.46 3s2(1S)3d- 3s3peP")4d 2D_ 2Do %-% El 

4 2267.53 2267.58 32435.453 - 76521.7 3s2(1S)3d - 3s3p(3P")4d 2D_ 2Do %-% P4 
UV5 4g 2269.096 2269.0963 112.061 - 44168.847 3s 2(lS)3p - 3s2(lS)5d 2po _ 2D %-% P4 
UV5 2g 2269.220 2269.2225 112.061 - 44166.398 3s 2(1S)3p -3s2eS)5d 2P"_ 2D %-% P4 
UV12 4 2311.035 2311.036 29020.41 - 72277.75 3s 3p 2 - 3s 3p eP")3d "P_ 4po liz - 1/2 El 
JV12 5 2312.491 2312.491 29020.41 - 72250.53 3s 3p 2 - 3s 3p epo)3d "P- "po 112- % El 

JV12 6 2313.526 2313.526 29066.96 - 72277.75 3s 3p 2 - 3s 3p eP")3d 4p_ "I'" %-112 EI 
JV12 4 2314.983 2314.984 29066.96 - 72250.53 3s 3p 2 - 3s 3p eP")3d "P- "pO %-% El 
N12 7 2317.482 2317.481 29066.96 - 72204.00 3s 3p 2 - 3s 3p epo)3d "P- "PO %-% El 
N12 5 2319.057 2319.056 29142.78 - 72250.53 3s 3p 2 - 3s 3p eP")3d "P- "po %-% El 
N12 9 2321.562 2321.562 2!l 142.78 - 72204.00 3s 3p 2 - 3s 3p rP")3d "P- "po %-% El 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI I - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref 
No. Int. ObselVed Calculated Lower Upper Values 

UV4 8g 2367.052 2367.0518 0.000 - 42233.742 3s2(IS)3p - 3s2(lS)4d 2po_ 2D If-t.-% P4 
UVll ~ 2a6'1.611 236'1.611 29020.41 - 71 244.1 'I 3s3pz - asapC'.P")::Jd "P_ "Do JIz- % EI 
UVll 8 2368.112 2368.112 29020.41 - 71 235.25 3s3p2 - 3s3pepo)3d "p_ "Do liz _ liz El 
UVll 10 2369.304 2369.305 29066.96 71 260.55 3s 3p 2:.... 3s 3p (3po)3d 4p_ 4Do %-% El 
UVll 9 2370.225 2370.225 29066.96 - 71 244.17 as 3p 2 - as 3p capo)3d 4p_ 4Do %_312 El 

UVll 6 2370.726 2370.726 29066.96 - 71 235.25 as 3p 2 - 3s 3p caPO)3d 4p_ 4Do %-% El 
UV3 3g 2372.070 2372.0695 0.000 - 42 144.411 as2(1S)3p- 3s2{lS)6s 2J:>O_ 2S 1/2- 1/2 El 
UV4 8g 2373.124 2373.1220 112.061 - 42237.783 as2(IS)3p - as2(lS)4d 2po_ zD %- °/2 P4 
UV4 2g 2373.349 2373.3497 112.061 - 42233.742 asZ(lS)3p - asz(lS)4d zpo_ 2D %-% P4 
UVll 8 2373.571 2373.570 29142.78 - 71 260.55 3s 3p 2 - as 3p epo)3d 4p_ 4Do %-% EI 

UVll 4 2374.496 2374.494 29 142.78 - 71 244.17 as 3p2 - 3s 3pcaPO)3d 4p_ 4Do 6/2-% El 
UV3 3g 2378.368 2378.3941 112.061 - 42 144.411 3s2(lS)3p - as2(lS)6s 2po_ 2S %- liz P4 

5 2423.05 2423.04 38933.968 - 80191.9 3s2eS)nd - 3s3pcapo)5d y2D_ 2Do %-% P4 
5 2424.77 2424.77 38929.413 - 80158.0 3s2(1S)nd - 3s3p(3po)5d y2D_2DO %-% P4 
1 2425.05 2425.03 38933.968 - 80158.0 as2eS)nd- 3s3pepo)5d y20_ zOo %-% P4 

5 2459.83 2459.83 32436.796 - 73077.8 3s 2(lS)3d - 3s 3p (3po)3d 2D_ 2p> %-% P4 
4 2465.74 2465.74 32435.453 - 72978.9 3s2(lS)3d- 3s3pen3d 2D_ 2p> %-% P4 
5 2513.305 2513.304 38933.968 - 78710.26 3s2(lS)nd- 3s3pePj4d y2D_ 2p> ''';z- 7/2 El 
4 2019.222 2519.224 38929.413 - '/8612.23 3szeS)n<:t- 3s3pe.P")4a yZlJ_ z .. ~ %- °12 EI 
1 2519.514 2519.514 38933.968 - 78612.23 3s2(lS)nd- 3s3p(3po)4d y2D_ 2p> %-% El 

UV2 109 2567.984 2567.9823 0.000 - 38929.413 3s 2(lS)3p - as2(lS)nd 2po_ y2D 1/2- % P4 
UV2 109 2575.094 2575.0940 112.061 - 38933.968 3s2(lS)3p - 3s2(lS)nd 2po_ y2D %-% P4 
UV2 3g 2575.393 2575.3962 1l2.061 - 38929.413 3s2(lS)3p - 3s 2eS)nd 2po_ y2D %-% P4 

2 2633.95 2633.97 42237.783 - 80191.9 3s 2(1S)4d - 3s 3p caPO)5d 2D_ 2Do %-% P4 
2 2636.03 2636.05 42233.742 - 80158.0 3s2ctS)4d - 3s3pepo)5d 2D_ 2Do %-% P4 

1 2636.32 2636.33 42237.783 - 80158.0 3s2(1S)4d - 3s3p(3po)5d 2D_ 2Do %- 3/2 P4 
6 2647.49 2647.55 32949.807 - 70709.4 3s 2(lS)4p - 3s3pcapo)4p 2po_ 2p 112- lJz P4 
4 2648.61 2648.66 32965.639 - 70709.4 3s2(lS)4p - 3s3pCSp)4p zpo_ 2p %-% P4 

UVI 109 2652.484 2652.4758 0.000 - 37689.401 3sIlCS)3p- 3slleS)5s zY'_ ZS llz- liz P4 
3 2651.406 2657.406 38933.968 - 76553.46 3s2(lS)nd- as3pepo)4d yZD_ 20° %-%. El 

3 2659.33 2659.33 38929.413 - 76521.7 3s2(lS)nd - 3s3p(3P)4d y2D_ 2Do %-% P4 
UVI 109 2660.393 2660.3863 112.061 - 31689.401 3s flCS)3p - 3s°eS)5s lip" _ as %-% P4 

4 2740.980 2740.983 42237.783 - 78710.26 3s2(lS)4d - 3s3p(3pc')4d 2D_2~ o/z - 7/2 El 
3 2748.065 2748.065 42233.742 - 78612.23 3s 2(lS)4d - 3s 3p capo)4d 2D_ 2p> %-% El 
1 2775.19 2775.18 44168.847 - 80191.9 3s2(lS)5d- 3s3pen5d ZD_ ZDo %-% P4 

2 2777.63 2777.61 44166.398 - 80158.0 3s2(lS)5d - 3s3pcapo)5d 2D_ 2Do %-% P4 
UV13 2, 2837.856 2837.856 32435.453 - 67662.96 3s2(lS)3d- 3s3pepo)3d ZD_ 2Do 3/2- 51z El 
UVI3 7 2837.963 2837.964 32436.796 - 67662.96 3s 2eS)3d- 3s3pCSPj3d 2D_ 2Do %-% EI 
UVI3 7 2840.099 2840.100 32435.453 - 67635.13 as2(lS)3d - 3s 3p (3po)3d 2D_ 2n° %-% EI 
UVI3 2 2840.205 2840.208 32436.796 - 67635.13 3s2(lS)3d- 3s3p(3po)3d 2D_ 2Do %-% El 

1 2868.92 2868.90 45345.594 - 80191.9 3s 2(lS)6d - as 3p capo)5d 2D_ 2Do %.-% P4 
2 2871.07 28'11.58 45344.166 - 80108.0 3sZC~)oa- asap("Y')5d zD_ zDo %- 31z P4 
3 2894.228 2894.227 44168.847 -

, 
78710.26 3s 2(lS)5d - 3s 3p{3po)4d 2D_ 2p> %.-% El 

2 2902.258 2902.258 44166.398 - 78612.23 3s2{lS)5d_ 3s3pepo)4d 2D_ 2p> %- 5/2 El 
3 2913.267 2913.267 42237.783 - 76553.46 3s2(lS)4d- 3s3pepo)4d 2D_ 2Do %-% El 

2 2915.66 2915.62 42233.742 - 76521.7 as2(lS)4d- as3pcapo)4d 2D_ 2Do %-% P4 
5 2927.930 2927.93 38933.968 - 73077.8 3s2(IS)nd - as 3p en3d yZD_ lap> %-% P4 
3, 2936.04 2936.04 38929.413 - 72978.9 3s2(lS)nd- 3s3pepo)3d y2D_ 2F,' %- 5/2 P4 
3 2996.29 2996.309 45345.594 - 78710.26 as 2(1S)6d- 3s3pepo)4d 2D_ 2p> %-% P4 
1 3005.02 3005.010 45344.165 - 78612.23 3s 2(1S)6d - as 3p capo)4d 2D_ 2F' %-% P4 

7 13 3050.073 3050.072 29066.96 - 61 843.54 as 3p 2 - 3s 3p epo)4s 4p_ 4po %-% El 
7 5 3054.679 3054.679 29020.41 - 61 747.56 3s 3p 2 - 3s 3p (3pO)4s 4p_ 4po 1/2 - 31z El 
7 14 3057.144 3057.144 29 142.78 - 61843.54 as 3p 2 - 3s 3p capo)4s 4p_ 4po %-% El 
7 4 3059.029 3059.030 29066.96 - 61 747.56 3s 3p 2 - as 3p epo)4s 4p_ 4po %-% El 
7 4 3059.924 3059.924 29020.41 - 61691.46 3s 3p2 - 3s 3p fpo)4s .p_ 4po 1/2_ lJz El 



784 v. KAUFMAN AND W. C. MARTIN 

AI I - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

7 7 3064.290 3064.290 29066.96 61691.46 3s 3p 2 - 3s 3pepo)4s "p_ 4po %.-112 El 
1 3065.12 3065.094 46094.312 - 78710.26 3s2(lS)7d- 3s3pepo)4d 20_ 2F' %-% P4 

7 5 3066.145 3066.144 29142.78 - 61147.56 3s3pz - 3s3p("Y')4S 4p_ "po G/z- % El 

3 24g 3082.1529 3082.1510 0.000 - 32435.453 3s2eS)3p - 3s2(lS)3d 2po_ 20 l/~_ % El 
5 3087.02 3086.989 44168.847 - 76553.47 3s2('S)5d - 3s3pepo)4d 20_ 20° %-% P4 

1 3089.82 3089.79 44166.398 - 76521.7 3s ZCS)5d- 3s3p("P")4d zU_ ZU" 312_ % 1'4 
3 26g 3092.7099 3092.7084 112.061- 32436.796 3s 2('S)3p - 3s2('S)3d 2po_ 20 %-% El 
3 20g 3092.8386 3092.8369 112.061 32435.453 3s2(lS)3p - 3s2(18)3d 2po_ 2D 312- 3/2 El 

4 3203.39 3203.394 45345.594 76553.47 3s 2('S)6d- 3s3peJ>O)4d 20_ 200 %-% P4 
3 3241.59 3241.60 42237.783 - 73077.8 3s2('S)4d- 3s3peJ>O)3d 20_ 2F' %-% P4 

2 3251.60 3251.61 42233.742 - 72978.9 3s2('S)4d- 3s3pepo)3d 20_ 2F' %-% P4 
3 3282.20 3282.139 46094.312 - 76553.47 3s2ct8)7d- 3s3pcaJ>O)4d 2D_ 200 %- 61z P4 

2 By 3439.347 3439.346 0.000 - 29066.96 3s2(18)3p - 3s3p2 2P'_ "p 1/2- % El 
2 9g 3443.640 3443.640 112.061 - 29142.78 3s2('S)3p- 3s3p2 2po_ 4p %-% El 
2 By 3444.865 3444.863 0.000 - 29020.41 3s2(' S)3p - 3s3p2 2po_ -ip 112-112 El 

2 2g 3452.657 3452.658 112.061 - 29066.96 3s<l(lS)3p- 3s3p;! liP" _ fp 312- "h EI 
2 6g 3458.216 { 3458.15? 44168.847 - 73077.8? 3s2('S)5d - 3s3pepo)3d 20_ 2F' %-% El 
2 3458.218 112.061 - 29020.41 3s2('S)3p- 3s3p2 2po_ 4p %-1/2 

1 3469.80 3469.72? 44166.398 - 72978.9? 3s2(lS)5d- 3s3p(3po)3d 2D_ 2F' 31z _ 51z P4 
17 5 3479.806 3479.808 38933.968 - 67662.96 3s zCS)nd- 3s3p("P")3d yZU_ zD" %-% EI 

17 5 3482.628 3482.630 38929.413 - 67635.13 3s2('S)nd - 3s3p(-lpo)3d y 20_ 20° %-% El 
18 5 3931.996 3931.996 42237.783 - 67662.96 3s2(,8)4d-' 3s3p(3po)3d 20_ 20° %,-% E1 
18 4 3935.677 3935.679 42233.742 - 67635.13 3s2(lS)4d- 3s3pcapo)3d 2D_ 20" 31z - 3Ja El 
1 24g 3944.0058 3944.0060 0.000 - 25347.756 3s2(1S)3p - 3s 2('8)4s 2po_ as %-% El 
1 26g 3961.5200 3961.5201 112.061 - 25347.756 3s2(1S)3p - 3s 2('S)4s 2po_ 2S %_1/2 El 

2 4255.12 4255.188 44168.847 - 67662.96 3s2(1S)5d - 3s3p(3po)3d 2D_ 200 %-% P4 
6 5107.520 5107.517 25347.756 - 44921.287 3s2(18)48 - 3s 2(lS)7p 28_ 2po llz- % El 
4 5107.943 5107.940 25347.756 - 44919.666 3s2(1S)4s - 3s 2(1S)7p 28_ 2po %;-lh El 

6 10 5557.063 5557.059 25347.756 - 43337.889 3s2(1S)4s- 3s 2(1S)6p 28_ 2po 112_% El 
6 8 5557.948 5557.944 25347.756 - 4~ a;.$5.U24 3szCI:»4s - 3s zCI:»6p zl:>_ zp" llz- liz EI 

6324.67 6324.687 32435.453 - 48242.14 3s2e8)3d - 3s2(1S)551 2D_ 2F' %-% Zl 
6325.23 {6325.225 32436.796 - 48242.14 3s2(lS)3d- 3s 2('S)551 20_ 2F' %-% Zl 

6320.232 32430.453 - 48240:18 3szel:»;:Jd - 3s Zel:»b1t zU_ Ill'''' %-% 
6325.77 6325.769 32436.796 - 48240.78 3s2ctS)3d -3s2(18)54/ 2D_ 2F' 512- 1/a Zl 
6325.82 6325.812 32435.453 - 48239.33 3s2(1S)3d- 3s2('S)531 20_ 2F' %-% Zl 

6326.35 6326.350 32436.796 - 48239.33 3s2ctS)3d - 3s2(1S)531 20_ 2F' %_ 1/2 Zl 
6326.41 6326.425 32435.453 - 48237.80 3s2(18)3d - 3s2(1S)5~ 2D_ 2F' %-% Zl 
6326.98 6326.962 32436.796 - 48237.80 3s2(1S)3d - 3s2(18)5~ 2D_ 2fO %.- 7/2 Zl 
6327.07 6327.085 32435.453 - 48236.15 3s2ctS)3d - 3s2(18)5 if 2D_ 2fO %-% ZI 
6327.64 6327.623 32436.796 - 48236.15 3s2ct8)3d- 3s2ct8)511 20_ 2F' %-% Zl 

6327.75 6327.754 32435.453 - 48234.48 3s2(18)3d- 3s 2(IS)501 2D_ 2F' %-% ZI 
6328.29 6328.292 32436.796 - 48234.48 3s 2('8)3d- 3s2ct8)50/ 2D_ 2F' %-% Zl 
6321:5.47 6321:5.475 32431>.453 - 48232.68 3s ZeS)3d - 3s ZeS)49J zU_ zJ:<" %- tI/2 ZI 
6329.02 6329.013 32436.796 - 48232.68 3s2eS)3d- 3s2(18)491 20_ 2p> %-% ZI 
6329.25 6329.256 32435.453 - 48230.73 3s2('S)3d - 3s2(1S)4&f 2D_ 2F' 3/2 - % ZI 

632.9.80 6329.794 32436.796 - 482;.$0.73 3sZeS):.:Jd- 3sZeS)4~ zD_ zr %- 7/2 ZI 
6330.06 6330.066 32435.453 - 48228.71 3s2('S)3d- 3s2(IS)47/ 2D_ 2F' %-%, Zl 
6330.61 6330.604 32436.796 - 48228.71 3s2(lS)3d_ 3s2(18)471 20_ 2F' %-% Zl 
6330.95 6330.936 32435.453 - 48226.54 3s2('S)3d - 3s2ct8)46j 20_ 2F' 3ia_ 51z Zl 
6331.47 6331.474 32436.796 - 48226.54 3s2('S)3d - 3s2(18)4Qf 2D_ 2r %-% ZI 

6331.88 6331.874 32435.453 - 48224.20 3s2ct8)3d - 3s2('8)451 2D_ 2fO %-% Zl 
6332.41 6332.413 32436.796 - ·48224.20 3s2ctS)3d - 3s 2(,S)451 2D_ 2F' %-% ZI 
6332.88 6332.869 32435.453 - 48221.72 3s2('S)3d- 3s2(1S)4.v 20_ 2F' 3h.-% Zl 
6333.40 6333.408 32436.796 - 48221.72 3s2(18)3d- 3s 2(1S)44{ 20_ 2F' %-% Zl 
6333.97 6333.960 32435.453 - 48219.00 3s 2('S)3d - 3s2(18)43/ 20_ 2F' %-% ZI 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 7S 

AI I - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

6334.49 6334.499 32436.796 - 48219.00 3s 2(1S)3d- 3s2(1S)431 20_ 2F" %-% Zl 
6335.09 6335.104 32435.453 - 48216.15 3s2(1S)3d- 3s2(1S)4~ 2D_ 2F" %-% ZI 
6335.65 6335.643 32436.796 - 48216.15 3s 2(1S)3d- 3s2(1S)4~ 20_ 21"" %-% ZI 
6336.34 6336.366 32435.496 - 48213.05 3s2(1S)3d- 3s2(1S)411 2D_ 21"" %-% ZI 
6336.89 6336.888 32436.796 - 48213.05 3s2ctS)3d- 3s2(1S)4lJ 2D_ 21"" %-% ZI 

6337.67 6337.674 32435.453 - 48209.75 3s2ctS)3d- 3s2ctS)401 2D_ 21"" %-% ZI 
6338.22 6338.214 32436.796 - 48209.75 3s2ctS)3d- 3s2ctS)401 2D_ 21"" %.- 7/2 Zl 
6339.11 6339.101 32435.453 - 48206.20 3s 2(1S)3d - 3s2(1S)391 2D_ 21"" %-% ZI 
6339.63 6339.641 32436.796 - 48206.20 3s2ctS)3d - 3s2(1S)391 2D_ 21"" %-% Zl 
6340.66 6340.657 32435.453 - 48202.33 . 3s2(1S)3d - 3s2(1S)381 20_ 2F" %-% Zl 

6341.19 6341.197· 32436.796 - 48202.33 3s 2(1S)3d - 3s2(1S)381 2D _ 21"" %-% Zl 
6342.35 6342.375 32435.453 - 48 198.06 3s2(lS)3d - 3s2(1S)371 20 _ 2F" %-% ZI 
6342.93 6342.915 32436.796 - 48 198.06 3s 2(1S)3d - 3s2(1S)371 2D _ 2F" %- 7/2 Zl 
6344.17 6344.182 32435.453 - 48 193.57 3s2(lS)3d - 3s ZeS)3Q{ 2D _ 21"" %-% Zl 
6344.73 6344.722 32436.796 - 48 193.57 3s2(1S)3d - 3s2(1S)361 2D _ 21"" %-% ZI 

6346.15 6346.143. 32435.453 - 48188.70 3sZeS)3d - 3s2('S)351 2D_ 2F" %-% Zl 
6346.68 6346.684 32436.796 - 48188.70 3s 2(1S)3d- 3s2ctS)351 2D_ 2F" %-% Zl 
6348.30 6348.315 32435.453 - 48 183.31 3s 2(1S)3d- 3s2(18)341 2D_ 2F" %-% Zl 
6348.87 6348.857 32436.796 - 48183.31 3s2ct8)3d- 3s2(lS)34{ 2D _ 21"" %-% Zl 
6350.67 6350.670 32435.453 - 48177.47 3s2(lS)3d - 3s2ctS)331 2D_ 21"" %-% Zl 

6351.21 6351.212 32 436.796 . - 48177.47 3s 2(18)3d - 3s2ctS)331 20_ 21"" %-% Zl 
6353.26 6353.273 32435.453 - 48 171.02 3s 2(1S)3d - 3s2(1S)3~ 2D_ 21"" %-% Zl 
6353.82 6353.816 32436.796 - 48 171.02 3s 2(18)3d - 3s2(18)321 2D_ 2F" %-% Zl 
6356.12 6356.117 32435.453 - 48163.98 3s 2(1S)3d - 3s2(1S)311 2D_ 21"" %-% ZI 
6356.66 6356.660 32436.796 - 48163.98 3s 2eS)3d - 3s2(1S)3lf 2D _ 2F" %-% Zl 

6359.26 6359.263 32435.453 - 48156.20 3s2(lS)3d - 3s2(1S)301 2D_ 21"" %-% Zl 
6359.81 6359.806 32436.796 - 48156.20 3s 2eS)3d - 3s 2(,S)301 2D_ 2F" %-% Zl 
6362.74 6362.743 32435.453 - 48147.60 3s 2eS)3d - 3s2(1S)291 2D_ 21"" %-% Zl 
6363.29 6363.287 32436.796 - 48147.60 3s 2('8)3d- 3s2('S)291 20_ 21"" %-% Zl 
6366.60 6366.597 32435.453 - 48138.09 3s2ctS)3d - 3s2(1S)281 20_ 2F" %-% Zl 

6367.14 6367.142 32436.796 - 48138.09 3s 2('S)3d- 3s2('S)281 20_ 21"" %-% Zl 
6370.91 6370.918 32435.453 - 48 127.44 3s2(lS)3d - 3s2ctS)271 20_ 21"" %-% Zl 
6371.47 6371.463 32436.796 - 48 127.44 3s2(18)3d- 3s2(1S)271 20_ 2F" %-% Zl 
6375.71 6375.712 32435.453 - 48 115.64 3s2(1S)3d - 3s2(1S)261 20 _ 2F" %-%. Zl 
6376.26 6376.258 32436.796 - 48115.64 3s2(1S)3d- 3s2(lS)2Qf 2D_ 2F' %-% Zl 

6381.14 6381.137 32435.453 - 48 102.31 3s2(18)3d- 3s 2(1S)251 20_ 21"" %-% Zl 
6381.68 6381.684 32436.796 - 48102.31 3s2(18)3d- 3s2(1S)251 20_ 2F" %-% Zl 
6387.24 6387.240 32435.453 - 48087.34 3.~2(lS)3d _ 3.~2(lS)24f 20_ 2F' %-B/Il Zl 
6387.79 6387.788 32436.796 - 48087.34 3s 2(1S)3d- 3s2(1S)2<V 20_ 21"" %-% Zl 
6394.18 6394.198 32435.453 48070.31 3s2(1S)3d- 3s2('8)231 20_ 2F" %- 5/2 Zl 

6394.76 6394.747 32436.796 - 48070.31 ac: 2(lS)3d _ 3s- 2(lS)23J 2D_ 2F' %_ 7/2 Zl 
6402.16 6402.154 32435.453 - 48050.88 3s2(1S)3d - 3s2('S)2~ 20_ 21"" %-% ZI 
6402.71 6402.704 32436.796 - 48050.88 3s2('S)3d - 3s2(18)2~ 20_ 2F" %-% ZI 
6411.25 6411.264 32435.453 - 48028.69 3s2(lS)3d- 3s2('8)211 20_ 2F" %-% ZI 
6411.83 6411.817 32436.796 - 48028.69 3s2('S)3d - 3s2('8)211 20_ 2F" %-% ZI 

6421.84 6421.840 32435.453 - 48003.01 3s2(1S)3d- 3s 2(18)201 20_ 2F" %-% Zl 
6422.40 6422.395 32436.796 - 48003.01 3s2('S)3d - 3s2(1S)201 20_ 21"" %- 7/2 Zl 
6434.16 6434.149 32435.453 - 47973.23 3s 2(' S)3d - 3s 2(' S) 191 20_ 2F" %-% ZI 
6434.70 6434.705 32436.796 - 47973.23 3s2('S)3d- 3s2(1S)191 20_ 21"" %-% Zl 
6448.62 6448.608 32435.453 - 47938.39 3s2('S)3d - 3s2(' S) 181 20_ 2F" %-% Zl 

6449.16 6449.167 32436.796 - 47938.39 3s2(1S)3d- 3s2(1S)181 2D_ 21"" 5/2 - 7/2 ZI 
6465.86 6465.859 32435.453 - 47897.03 3s2(1S)3d - 3s2('S)171 20_ 2F" %.-% Zl 
6486.51 6486.516 32435.453 - 47847.79 .3s2(lS)3d - 3s-2(lS)16J 2D_ 2F' %-% Zl 

6487.08 6487.082 32436.796 - 47847.79 3s2('S)3d- 3s2('S)16/ 2D_ 21"" %-% ZI 
6511.66 6511.676 32435.453 - 47788.24 3s2('S)3d- 3s2(,S)151 20_ 2F" %-% ZI 

J. PhVA. Chem. Ref. Data. Vol. 20. NO.5. 1 gg' 
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AI I - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. ObseIVed Calculated Lower Upper Values 

6512.27 6512.246 32436.796 - 47788.24 3s2(1S)3d - 3s2(1S)IQf 20_ 2F" %-% ZI 
6542.67 6542.666 32435.453 - 47715.52 3s2(1S)3d- 3s2ctS)I4{ 20_ aF" %-% ZI 
6543.24 6543.242 32436.796 - 47715.52 3s2eS)3d- 3s2eS)14{ 20_ 2F" 5/2 - 712 Zl 
6581.55 6581.540 32435.453 - 47625.27 3s2(1S)3d- 3s2eS)131 20_ aF" %-% ZI 
6582.11 6582.122 32436.796 - 47625.27 3s2(IS)3d- 3s2eS)131 20_ aF" %-% ZI 

6631.20 6631.172 32435.453 - 47511.58 3s2(lS)3d - 3s2(1S)I~ 20_ aF" %-% ZI 
6631.74 6631.763 32436.796 - 47511.58 3s2(IS)3d_ 3s2eS)I~ 20_ 2F" %- 7/2 ZI 

5 13 6696.015 6696.018 25347.756 - 40277.883 3s"-(lS)4s - 3s"-eS)5p "-S- "-PO 1/2 - % El 
6696.12 6696.139 32435.453 - 47365.31 3s2(1S)3d - 3s 2eS)111 20_ 2F" %-% ZI 
6696.76 6696.741 32436.796 - 47365.31 3s2(1S)3d- 3s2ctS)l1j 20_ apt %-% ZI 

5 11 6698.673 6698.667 25347.756 - 40271.978 3s2(1S)4s- 3s2(lS)5p 2S_ 2P" 1/'1.- 1/'1. EI 
1 6785.2 6784.24 32436.796 - [47172.77] 3s2eS)3d- 3s2ctS)101 '1.0_ 2F" %-% SI 
3 6906:4 6906.28 32436.796 - [46912.38] 3s2eS)3d - 3s2eS)9j 20_ 2F" %-% SI 
5 7083.968 7083.969 32435.453 - 46547.942 3s2eS)3d- 3s2(1S)81 20_ 2f" %-% El 
6 7084.644 7084.643 32436.796 - 46547.942 3s2eS)3d- 3s2(1S)81 20_ 2F" %-% El 

11 8 7361.568 7361.568 32435.453 ..;. 46015.774 3s2(lS)3d- 3s2(1S)7j 20 _ 2F" %-% El 
11 9 7362.297 7362.296 32436.796 - 46015.774 3s2(1S)3d - 3s2ctS)7j 20_ 2F" %-% El 

1 7554.162 7554.164 32949.807 - 46183.895 3s2(1S)4p- 3s 2(1S)9s 2pe'_ 2S I/a- % El 
3 7563.214 7563.212 32965.639 - 46183.895 3s2(1S)4p - 3s2ctS)9s 2P" _ 2S %-% El 
5 7606.159 7606.162 32949.807 - 46093.424 3s2(1S)4p - 3s2(1S)7d 2pe' _ 20 Itz- % El 

7 7614.820 7614.820 32965.639 - 46094.312 3s2(1S)4p - 3s2(1S)7d 2pe' _ 20 %-% El 
1 7615.339 7615.335 32965.639 - 46093.424 3s2(1S)4p - 3s 2(1S)7d 2pe'_ 20 %-% El 

10 11 7835.309 7835.309 32435.453 - 45 194.681 3s 2eS)3d - 3s2eS)6j 20 _ 2F" %-% El 
10 12 7836.134 7836.134 32436.796 - 45 194.681 3s 2(1S)3d - 3s2(1S)61 20_ 2F" %-% El 

5 7993.048 7993.045 32949.807 - 45457.244 3s 2(IS)4p - 3s2eS)8s 2pe' _ 2S 11z- 112 El 

7 8003.186 8003.175 32965.639 - 45457.244 3s2(lS)4p - 3s2(1S)8s 2pe' _ 2S %-lfa El 
16 6 8065.968 8065.969 32949.807 - 45344.165 3s 2(1S)4p - 3s2ctS)6d 2pe' _ 20 1/2- % El 
16 8 8075.353 8075.353 32965.639 - 45345.594 3s2ctS)4p - 3s2(lS)6d 2po_ 20 %-% El 
16 2 8076.289 8076.285 32965.639 - 45344.165 3s2(1S)4p - 3s 2eS)6d 2po_ 20 3/2 - 3fa El 
9 13 8772.866 8772.871 32435.453 - 43831.101 3s2ctS)3d - 3s2(1S)51 20_ 2F" %-% El 

9 14 8773.896 8773.902 32436.796 - 43831.105 3s 2eS)3d - 3s 2(1S)5j 20 _ 2F" %- 7/2 El 
15 8 8828.909 8828.903 32949.807 - 44273.133 3s 2eS)4p - 3s2(lS)7s 2po_ 2S %-% El 
15 10 8841.277 8841.265 32965.639 - 44273.133 3s2eS)4p - 3s2(lS)7s zpo_ 2S %-1/2 EI 
14 7 8912.900 8912.918 32949.807 - 44166.398 3s2(1S)4p - 3s2(1S)5d 2po_ 20 1/2- % El 
14 9 8923.555 8923.565 32965.639 - 44168.847 3s2ctS)4p - 3s2(1S)5d 2pe' _ 20 %-% El 

14 4 8925.504 8925.516 32965.639 - 44166.398 3s 2(1S)4p - 3s2(lS)5d 2pe'_ 20 %-% El 
5 9089.906 9089.906 56636.933 - 67635.128 3s 3p2 - 3s 3p epo)3d 2p_ 200 %-% El 
6 9139.950 9139.947 56724.980 - 67662.960 3s 3p 2 - 3s 3p (3po)3d 2p_ 200 %-% El 
2 9163.261 9163.264 56724.980 - 67635.128 3s 3p 2 - 3s 3p eP")3d *lp_ 200 %-% El 

Wavenumber (em-I) 

13 8 9283.919 9283.935 32949.807 - 42233.742 3s2ctS)4p - 3s2(1S)4d 2po_ 20 1/2- % El 

13 9 9272.138 9272.144 32965.639 - 42237.783 3s2(lS)4p - 3s2(1S)4d 2po_ 20 %-% El 
13 4 9268.077 9268.103 32965.639 - 42233.742 3s2eS)4p - 3s 2(1S)4d 2po_ 2D %.-% El 
12 10 9194.596 9194.604 32949.807 - 42144.411 3s 2(1S)4p - 3s 2(1S)6s 2po_ as 1/2- 1/2 El 
12 11 9178.761 9178.772 32965.639 - 42144.411 3s2(1S)4p - 3s2(1S)6s 2po_ 2S %- 1/2 El 
8 630 8883.937 8883.937 32435.453 - 41 319.390 3s2(1S)3d- 3s2(1S)4{ 20_ 2pt %-% Bl 

8 440d 8882.566 {8882.602 32436.796 - 41 319.398 3s2(lS)3d- 3s2(IS)4{ 20_ 2F" %-1fa Bl 
8 8882.584 32436.796 - 41 319.380 3s 2CS)3d- 3s 2CSHf 2D_ 2..- %- slz 

8 7842.425 7842.430 32435.453 - 40277.883 3s 2(1S)3d- 3s2ctS)5p 20_ 2po %-% Bl 
13d 7841.048 7841.087 32436.796 - 40277.883 3s2(IS)3d - 3s2(lS)5p 20_ 2po %-% Bl 
17 7836.521 7836.525 32435.453 - 40271.978 3sz(1S)3d - 3s2ctS)5p 20_ 2po %-lfa Bl 
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WAVELENGTHS AND ENERGY lEVELS OF ALUMINUM 

AI I - Continued 

Mult. ReI. Wavenumber (em-I) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

4 71000 7017.900} 7017.883 25347.750 32905.639 3s2(IS)4s- 3s 2eS)4p 2S_ 21'" tl2- % Bl 
4 100000 7617.868 Bl 
4 36300 7602.074} 7602.051 25347.756 - 32949.807 3s2(lS)4s - 3s2eS)4p 2S_ 2po 1/2- 112 Bl 
4 50000 7602.029 BI 

3 7231.893 7231.880 37689.407 - 44921.287 3s z(1S)5s - 3s Z(IS)7p 2S_ 2po 1/2- % BI 

3 6265.279 6265.268 38929.413 - 45194.681 3s2(lS)nd - 3s2eS)6j y2D_ 2fO %-% Bl 
3 6260.76} 6260.713 38933.968 - 45194.681 3s2(lS)nd - 3s2(IS)Q( y2D_ 2fO %-% Bl 
3 6260.72 BI 
3 6260.67 Bl 

11500 5979.595 5979.606 32949.807 - 38929.413 3s2(lS)4p - 3s2(lS)nd 2po_ y2D 1/2- % Bl 

13200 
6mU6} 

5968.329 32965.639 - 38933.968 as zCS)4P - aszCS)nd zY'_ yZD ."/z- % HI 
11500 5968.355 Bl 
10000 5968.305 Bl 
8900 5968.290 BI 
2300 5963.759 5963.774 32965.639 - 38929.413 as zCS)4p - aszCS)nd zY'_ YZD 3/2- JIz HI 

65 5648.478 5648.482 37689.407 - 43337.889 3s2(lS)5s- 3s2eS)6p 2S_ 2po lJz-% BI 
30 5645.612 5645.617 37689.407 - 43335.024 3sZeS)5s - 3s2(lS)6p 2S_ 2po l{z- 1/2 BI 

1 5185.267 5185.266 40271.978 - 45457.244 3s2(1S)5p - 3s2(IS)& 2po_ 2S llz- 1/2 BI 
3 5179.362 5179.361 40277.883 - 45457.244 3s2ctS)5p - 3s2ctS)8s zpo_ 2S %-1Jz Bl 
4 4901.690 4901.688 38929.413 - 43831.101 3sz(1S)nd - 3s2(IS)Qf yliD_ 2fO %- 6/2 Bl 

4 4897.159} { 4897.137 38933.968 - 43831.105 3szeS)nd - 3sZeS)5j yZD_ ZfO biz - 11z Bl 
3 4897.128 4897.133 38933.968 - 43831.101 3sz(1S)nd - 3s2(lS)Qf y2D_ 2F' %-% Bl 
3 4897.091 BI 

4700 4739.598 4739.600 32949.807 - 37689.407 3s2ctS)4p - 3s2(1S)5s 2po_ 2S Ih- 1/2 Bl 
12000 4723.760 4723.768 32965.639 - 37689.407 3s:':CS)4p - 3s:':CS)5s :.:po- :.:s a/2- 1/2 Bl 

2 4713.876 { 4713.881 41 319.390 - 46033.271 3sz(1S).v- 3s2ctS)7g 2F'_ 20 %-% Bl 
4713.873 41 319.398 - 46033.271 3s2(lS).v- 3s 2(1S)7g ZfO_ 20 %-% 

1 4408.464 4408.476 38929.413 - 43337.889 3s2(1S)nd - 3sZctS)6p y2D_ Zpo %-% Bl 
4 4405.610 4405.611 38929.413 - 43335.024 3szctS)nd - 3s2(lS)6p y2D_ 2po %-11z Bl 
3 4403.958} 4403.921 38933.968 - 43337.889 3sz(1S)nd- 3sz(lS)6p yZD_ Zpo 6/2- % Bl 
3 4403.932 Bl 
3 4403.905 Bl 
4 4403.872 Bl 

9 4001.160 4001.155 40271.978 - 44273.133 3szctS)5p - 3s2ctS)7s 2po_ 2S 1/2_ 1/2 Bl 
16 3995.255 3995.250 40277.883 - 44273.133 3sz(lS)5p - 3sz(lS)7s 2po_ 2S %-lJz Bl 
25d 3902.323 {3902.328 41 319.390 - 45221.718 3s2ctS)4j - 3s2ctS)6g 2F'_ ZO %-1/2 BI 

3902.320 41 319.398 - 45221.718 3s2ctS).v- 3s2(IS)6g 2fO_ 20 %-% 
1 3894.426 3894.420 40271.978 - 44166.398 3s2(lS)5p - 3sz(lS)5d 2po_ 2D llz- % Bl 

1 3890.972 3890.964 40277.883 - 44168.847 3sz(1S)5p - 3s2ctS)5d 2po_ 2D %-% BI 
10 2960.94 2960.939 42233.742 - 45 194.681 3s2(lS)4d - 3s2(1S)Qf 2D_ 2fO %-% Bl 
IOd 2956.90 2956.898 42237.783 45 194.681 3s2(lS)4d- 3s z(1S)6{ zD_ ZfO %_ 7/2 Bl 
2 2776.887 2776.876 42 144.411 - 44921.287 3s2ctS)6s- 3s2(lS)7p 2S_ 2po 1/2-% Bl 
6 2775.287 2775.255 42 144.411 - 44919.666 3s2(IS)6s - 3sz(lS)7p 2S_ 2po 1/2- 1/2 B1 

lOd 2685.95 2685.924 42233.742 44919.666 3sz(lS)4d- 3s2(IS)7» 2D_ 2po %_1/2 Bl 
10d 2683.51 2683.504 42237.783 - 44921.287 3s2ctS)4d - 3s2(lS)7p 2D_ 2po %-% Bl 

10000 2588.472 2588.476 37689.407 40277.883 3s2(lS)5s - 3s2ctS)5p 2S_ 2po 1/2-%, Bl 
4000 2582.565 2582.571 37689.407 - 40271.978 3s2(1S)5s - 3s 2(1S)5p 2S_ 2po 1/2- Ih. BI 
4000 2556.354 {2556.359 41 319.390 - 43875.749 3sz(lS).v- 3sz(1S)5g 2fO_ 2Q %-% Bl 

2556.351 41 319.398 - 43875.749 3s2ctS).v- 3s2(lS)5g 2fO_ ZO %-%. 

3200 2389.986} 2389.977 38929.413 - 41 319.390 3s2(lS)nd- 3s 2ctS).v y2D_ 2F' %-% Bl 
3200 2389.967 BI 

2000 2385.473} {2385.480 38933.968 - 41319.398 3s2(IS)nd - 3s2(1S).v y2D_ 2fO %-% BI 
2500 2385.446 2385.422 38933.968 - 41 319.390 3sz(lS)nd - 3s2(lS).v y2D_ 2F' %-% Bl 
3200 2385.418 BI 
4000 2385.383 BI 



AI I - Continued 

Mult. Rei. Wavenumber (em-I) Levels (em-1) Configurations Terms J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

l00d 2202.15 2202.170 43831.101 - 46033.271 3s 2eS)5J- 3s 2eS)7g 2}i"'_ 2G Bl 
130d 2161.34 2161.344 43875.749 - 46037.093 3s 2eS)5g - 3s 2eS)7h 2G_ 2Ho B1 

1250 1961.756 1961.764 40271.978 - 42233.742 3s2(lS)5p - 3s2eS)4d 2p"_ 2D lJz-% Bl 
1600 19590 932} 1959.900 40277.883 - 42237.783 3s2(lS)5p- 3s 2eS)4d 2po_ 20 3/2 - % Bl 
1400 1959.905 Bl 
1250 1959.883 Bl 

250 1955.851 1955.859 40277.883 - 42233.742 3s2(lS)5p - 3s 2eS)4d 2po_ 20 %-% Bl 
500 1872.437 1872.433 40271.978 - 42 144.411 3s2(1S)5p- 3s2(lS)6s 2po_ 2S 1/2- 1/2 Bl 

1000 1866.530 1866.528 40 271.883 - 42144.411 3s 2(1S)5p - 3s 2eS)6s 21"'_ 2S %-% Bl 
918.385 41319.398 - 42237.783 3s 2eS)4f- 3s 2eS)4d 2}i'" _ 20 7/z_% 

2 914.333 914.352 41319.390 - 42233.742 3s 2(1S)4f- 3s2(IS)4d 2}i"'_ 20 %-% B4 

3 838.565 838.547 45194.681 - 46033.228 3s 2eS)6J- 3s 2eS)7g 2F_ 2G B4 
1 831.374 831.374 43335.024 - 44 166.398 3s2(lS)6p - 3s2(lS)5d 2po_ 20 1/2- % B4 
2 830.957 830.958 43337.889 - 44168.847 3s2(1S)6p - 3s2eS)5d 2po_ 20 %-% B4 
4 815.375 815.375 45221.718 .;.. 46037.093 3s 2(1S)6g - 3sZeS)7h 2G_ 2H B4 
6 810.704 810.706 [45 227.552J - [46038.2581 3s2{IS)6h - 3s2(lS)7i 2Ho _ 2i B4 
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AlII 

Mg I isoelectronic sequence 

Ionization energy 151 862.5 ± 0.4 em -1 (18.82856 ± 0.000 OS e V) 

Kaufman and Hagan [KI] estimate an uncertainty of 
0.002 A for their wavelength measurements in the region 
below 2100 A.Many of their values are given here to four 
decimal places to avoid rounding-off errors [K6]. Some of 
the higher levels given to one decimal place in MZ79 
were listed with two-place values in the later publication 
[K1]; the differences are only marginally significant, and 
we have used the MZ79 values for most of these levels. 

Kaufman and Hagan measured the spectrum up to 
8641 A but did not observe many of the weaker lines 
given in earlier references [mainly S2 and .PI]. Hyperfine
structure components are listed wherever they were ex
perimentally . resolved [S2, P1, K1]; of course the 
calculated wavelengths do not exhibit these hyperfine 
splittings. We have also included a number of transitions 
forbidden by the ilJ and/or ilF rules [S2, PI]. 

Biemont and Brault [Bl] recorded the infrared spec
trum of an aluminum hollow-cathode discharge using a 
high-resolution Fourier-transform spectrometer. They 
adopted the 3s5p 3PO position from [Kl] and, relative to 
it, reevaluated twelve other levels from 3s Ss 3S1 to 3s 6/1F1 
on the basis of their data. Their level values are given to 
three decimal places, but it should be noted that seven of 
these . values represent centers-of-gravity of hyperfine 
structures having spreads up to 0.5 cm"':1. We list here the 
experimental wavenumbers of all the hyperfine compo
nents resolved by [B1l for each transition involving one of 
these levels; the corresponding calculated wavenumber as 

obtained from the center-of-gravity level positions shoul 
be appropriate for comparison with lower-resolution 01 
servations. Biemont and Brault were also able to local 
the 3s 6h, 3s 7h, and 3s 7i terms. 

We obtained a value of 151 862.54±0.08 cm- 1 for tl 
ionization limit relative to the 3s 5g -13g, 6h - 9h , and· 
levels by fitting these levels with appropriate weights to 
core-polarization formula. This limit agrees with tl 
value 151 862.5 em -1 that Kaufman and Hagan obtain€ 
by fitting the 3sns 3S series. Our estimated error I 

0.4 cm -1 includes the uncertainty of the ng, nh, ni hi! 
angular-momentum system of levels relative to tl 
ground level and the uncertainty of the limit relative 
this ng, nh; ni system. 
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AIn 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

2g 683.529 683.5274 0.00 - 146299.92 3s 2 _ 3s1Op 18_ lpo 0- 1 Kl 

50 689.936 689.9354 0.00 - 144941.10 3s2 _ 3s9p 18_ lpo 0- 1 K1 

109 699.489 699.4905 0.00 - 142961.20 3s2 _ 3s8p 18_ lpo 0- 1 Kl 
20g 714.695 714.6993 0.00 - 139918.98 3s2 _ 3s7p 18_ lpo 0- 1 Kl 
25g 741.182 . 741.1833 0.00 - 134919.40 3s 2 _ 3s6p 18_ lpo 0- 1 Kl 

20g 794.475 794.4767 0.00 - 125869.015 3s 2 _ 3s5p 18_ lpo 0- 1 Kl 
20 905.152 905.155 37577.79 - 148056.1 3s3p- 3s12s 3po_ 38 2- 1 Kl 

lE2 908.342 90S.3.t91 0.00 - 110089.83 !k2 _ !k3d. IS_In 0- 2 G1 

10 910.916 910.9166 37453.91 - 147233.45 3s3p- 3s11s 3po_ 38 1- 1 Kl 
10 911.497 911.4997 37577.79 - 147287.10 3s3p- 3s10d 3po_ 3D 2- 3 Kl 

40 911.9457 911.9456 37577.79 - 147233.45 3s3p- 3s11s 3po_ 38 2- 1 K6 
30 919.672 919.671 37453.91 - 146188.5 3s3p- 3s9d 3pe> _ 3D 1- 2 K1 
50 920.3166 920.3169 37453.91 - 146112.14 3s3p- 3s10s 3po_ 38 1- 1 K6 
50 920.7160 920.716 37577.79 - 146188.9 3s3p- 3s9d 3po_ 3D 2- 3 K6 
75 921.3670 921.3673 37577.79 - 146112.14 3s3p- 3s10s 3po _ 3S 2- 1 lC6 

20 932.4075 932.410 37393.03 - 144642.0 3s3p- 3sSd 3pe> _ 3D 0- 1 K6 
40 932.9385 932.9379 37453.91 - 144642.18 3s3p- 3sSd 3po _ 3D 1- 2 K6 
50 933.4077 933.4077 37393.03 - 144527.35 3s3p- 3s9s 3po_ 38 0- 1 K6 
75 933.9382 933.9384 37453.91 - 144527.35 3s3p- 3s9s 3po_ 3S 1- 1 K6 

100 934.0150 934.0150 37577.79 - 144642.45 3s3p- 3sSd 3po_ 3D 2- 3 K6 

100 935.0108 935.0202 37577.70 - 144527.35 3c3p- 3s9s 3po _ 3S 2- 1 KG 
100g 935.2752 935.2738 0.00 - 106920.56 3s2 _ 3s4p 18_ lpo 0- 1 K6 

75 952.6301 952.6304 37393.03 - 142365.54 3s3p- 3s7d 3pe>_ 3D 0- 1 K6 
100 953.1822 953.1818 37453.91 - 142365.69 3s3p- 3s7d 3po_ 3D 1- 2 K6 
125 954.3050 954.3060 37577.79 - 142365.98 3s3p- 3s7d 3po_ 3D 2- 3 K6 

100 954.8466 954.8451 37453.91 - 142 182.94 3s3p- 3sSs apo _ as 1- 1 K6 
125 955.9766 955.9759 37577.79 - 142 182.94 3s3p- 3sSs 3po_ 3S 2- 1 K6 
100 985.0802 985.9809 37393.03 - 138814.87 3s3p·~ 3s6d 3pe' _ 3D 0- 1 K6 
125 986.5712 986.5731 37453.91 - 138814.87 3s3p- 3s6d 3po_ 3D 1- 2 K6 
150 987.7772 987.7779 37577.79 - 138815.12 3s3p- 3s6d 3po _ 3D 2- 3 K6 

75 989.0525 989.0526 37393.03 - 138499.89 3s3p- 3s7s 3po_ 3S 0- 1 K6 
100 989.6475 989.6485 37453.91 - 138499.89 3s3p- 3s7s 3po _ 3g 1- 1 K6 
125 990.8623 990.8632 37577.79 - 138499.89 3s3p- 3s7s 3p"_ 38 2- 1 K6 
150 1047.8893 1047.8894 37393.03 - 132822.95 3s3p- 3s5d 3pe'_ 3D 0- 1 K6 
170 1048.5588 1048.5600 37453.91 - 132822.80 3s3p- 3s5d 3po _. 3D 1- 2 K6 

190 1049.9233 1049.9228 37577.79 - 132822.89 3s3p- 3s5d 3po_ 3D 2- 3 K6 
100 1054.6031 1054.6022 37393.03 - 132215.517 3s3p- 3s6s 3po_ 3S 0- 1 K6 
125 1055.2802 1055.2798 37453.91 - 132215.517 3s3p- 3s6s 3pe' _ 3S 1- 1 K6 
150 1056.6613 1056.6611 37577.79 - 132215.517 3s3p- ~6s 3p" _ 38 2- 1 K6 
35 1132.726 1132.720 59852.02 - 148 135.13 3s3p- 3s11d lpo_ ID 1- 2 K6 

100 1142.9529 1142.9503 59852.02 - 147344.89 3s3p- 3s1Od Jpo_ JD 1- 2 K6 
125 1157.0881 1157.086 59852.02 - 146276.0 3s3p- 3s9d Jp"_ ID 1- 2 K6 
100 1158.2103 1158.211 59852.02 - 146 192.1 3s3p- 3s10s lpo_ 18 1- 0 K6 

3E2 1169.860 1169.8458 0.00 - 85481.35 3s2 _ 3p2 18_ ID 0- 2 G1 
126 1177.4371 1177.4373 60862.02 - 144782.23 fu3p- :bed Ip>_ JD 1- 2 KG 

125 1179.3541 1179.3549 59852.02 - 144644.14 3s3p- 3s9s IP" _ 18 1- 0 K6 
125 1189.1854 1189.1848 37393.03 - 121 484.252 3s3p- 3s4d 3po_ 3D 0- 1 K6 
150 1190.0518 1190.0510 37453.91 - 121 483.92 3s3p- 3s4d 3po_ 3D 1- 2 K6 
190 1191.8111 1191.8140 37577.79 - 121 483.50 3s3p- 3s4d 3po_ 3D 2- 3 K6 
150 1208.3522 1208.3533 59852.02 - 142609.27 3s3p- 3s7d lpo_ ID 1- 2 K6 

100 1200.1914 1200.1016 37393.03 - 120092.919 3s3p- 3sSs ~P"- ~s 0- 1 KG 
125 1210.0817 1210.0824 37453.91 - 120092.919 3s3p- 3s5s 3po_ 3g 1- 1 K6 
150 1211.8983 1211.8991 37577.79 - 120092.919 3s3p- 3s5s 3p" _ 3S 2- 1 K6 
125 1211.953 1211.959 59852.02 - 142363.06 3s3p- 3sSs lpo_ IS 1- 0 K6 
125 1258.8585 1258.8572 59852.02 - 139289.15 3s3p- 3s6d IP" _ ID 1- 2 K6 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 79' 

AI II - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (cm-I ) Configurations Tenns J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

150 1266.6481 1266.6472 59852.02 - 138800.60 3s3p- 3s7s Ipo _ 18 1-0 K6 
150 1350.1782 1350.1774 59852.02 - 133916.368 3s3p- 3s5d Ipo_ ID 1-2 K6 
150 1371.2401 1371.2416 59852.02 - 132778.633 3s3p- 3s6s lpo _ 18 1-0 K6 

UVI0 340 1539.8303 1539.8329 59852.02 - 124794.13 3s3p- 3s4d Ipo_ ID 1-2 K6 
1 1555.943 1555.940 85481.35 - 149751.2 3p2- 3s16p ID_ Ipe' 2-1 Kl 

1 1563.580 1563.5794 85481.35 - 149437.17 3p2_ 3s15p ID_ Ipo 2-1 Kl 
3 1573.003 1573.0040 85481.35 - 149053.98 3p2_ 3s14p ID_ Ipo 2-1 Kl 
1 1580.919 1580.9199 85481.35 - 148735.66 3p2_ 3s1~ ID_ IF" 2-3 Kl 
4 1584.708 1584.7085 85481.35 - 148584.44 3p2_ 3s13p ID_ Ipo 2-1 Kl 

112 1596.059 1596.053 85481.35 - 148135.9 3p2_ 3s11f ID_ IF" 2-3 K6 

20 1599.410 1599.4078 85481.35 - 148004.49 3p~- 3s12p ID_ IP" ·2-1 KI 
10 1616.415 1616.4145 85481.35 - 147346.67 3p2_ 3slOf ID_ IF" 2-3 Kl 
50 1618.3990 1618.3987 85481.35 - 147270.82 3p2_ 3s11p ID_ If" 2-1 K6 

UV9 125 1625.6271 1625.6277 59852.02 - 121 366.725 3s3p- 3s5s lpo _ 18 1-0 K6 
100 1644.2348 1644.2346 85481.35 - 146299.92 3p~- 3s1Op JD_ Jp" 2-1 K6 

100 1644.8089 1644.8085 85481.35 - 146278.70 3p2_ 3s9f ID_ IF" 2-3 K6 
UV2 400g 1670.7867 1670.7874 0.00 - 59852.02 3s2 _ 3s3p 18 _ lpo 0-1 K6 

80 1681.8089 1681.8100 85481.35 - 144941.10 3pll_ 3s9p JD_ IP" 2-1 K6 
100 1686.2505 1686.2525 85481.35 - 144784.45 3p2_ 3s8f ID_ IF" 2-3 K6 

UV6 340 1719.4400 1719.4418 ·37393.03 - 95551.44 3sSp- 3s3d 3p" _ 3D 0-1 K6 

UV6 255 1721.2435 1721.2436 37453.91 - 95551.44 3s3p- 3s3d 3p"_ 3D 1-1 K6 
UV6 365 1721.2714 1721.2711 37453.91 - 95550.51 3s3p- 3s3d 3pe' _ 3D 1-2 K6 
UV6 255 1724.9519 1724.9493 37577.79 - 95'550.51 3s3p- 3s3d 3po _ 3D 2-2 K6 
UV6 365 1724.9838 1724.9817 37577.79 - 95549.42 3s3p- 3s3d 3po _ 3D 2-3 K6 

50 1739.7382 1739.7401 85481.35 - 142961.20 3p2_ 3s8p ID_ lpo 2-1 K6 

60 1750.612 1750.617 85481.35 - 142604.05 3p2_ 3s7f ID_ IF" 2-3 K6 
UV5 210 1760.1044 1760.1057 37453.91 - 94268.68 3s3p- 3p2 3po_ 3p 1-2 K6 
UV5 190 1761.9751 1761.9770 37393.03 - 94147.46 3s3p- 3p2 3po_ 3p 0":'1 K6 
UV5 255 1763.8692 1763.8691 37453.91 - 94 147.46 3s3p- 3p2 3po _ 3p 1-1 K6 
UV5 315 1763.9521 1763.9518 37577.79 - 94268.68 3s3p- 3p2 3po _ 3p 2-2 K6 

UV5 190 1765.8150 1765.8157 37453.91 - 94084.96 3s3p- 3p2 3po_ 3p ·1-0 K6 
UV5 225 1767.7308 1767.7317 37577.79 - 94147.46 3s3p- 3p2 3po _ 3p 2-1 K6 

10 1772.802 1772.8032 94084.96 - 150492.80 3p2_ 3p3d 3p_ 3Do 0-1 Kl 
25 1774.002 1774.0024 94 147.46 - 150517.17 3p2_ 3p3d 3p_ 3Do 1-2 Kl 
10 1774.770 1774.7697 94147.46 - 150492.80 3p2_ 3p3d 3p_ 3Do I-I Kl 

10 1776.19 1776.202 91274.50 - 147574.4 3s4s- 3s11p 38_ 3po 1-2 Jl 
100 1776.975 1776.9725 94268.68 - 150544.17 3p2_ 3p3d 3p_ 3D" 2-3 KI 

3 1777.825 1777.8255 94268.68 - 150517.17 3p2_ 3p3d 3p_ 3D" 2-2 Kl 
70 1807.4168 1807.4162 91274.50 - 146602.10 3s4s- 3s1Op 38_ 3po 1-2 K6 
20 1807.5851 1807.5844 91 274.50 146596.95 3s4s- 3s1Op 38_ 3po 1-1 K6 

1 1807.651 1807.6531 91 274.50 - 146594.85 3s4s- 3s1Op 38_ 3pe' 1-0 Kl 
50 1818.352 1818.3554 95549.42 - 150544.17 3s3d- 3p3d 3D_ 3Do 3-3 Kl 
3 1818.392 1818.3914 95550.51 - 150544.17 3s3d- 3p3d 3D_ 3Do 2-3 Kl 
1 1819.285 1819.2846 95550.51 - 150517.17 3s3d- 3p3d 3D_ 3Do 2-2 Kl 
2 1820.124 1820.1224 95551.44 - . 150492.80 3s3d- 3p3d 3D_ 3D" 1-1 Kl 

290 1828.5876 1828.5868 91 274.50 - 145961.54 3s4s- 3p4s 38_ 3po 1-2 K6 
225 1832.8374 1832.8379 91274.50 - 145834.70 3s4s- 3p4s 38_ 3po 1-1 K6 
170 1834.8077 1834.8068 91 274.50 - 145776.15 3s4s- 3p4s 38_ 3po 1-0 K6 
60 1836.9635 1836.9646 85481.35 - 139918.98 3p2_ 3s7p ID_ Ipe' 2-1 K6 
2 1839.39 1839.392 95550.51 - 149916.3 3s3d- 3s15f 3D_ 3F" 2-3 Jl 

1 1848.888 1848.8878 95350.60 - 149437.17 3s4s- 3s15p 18 _ lpo 0-1 Kl 
2 1849.15 1849.164 95550.51 - 149629.0 3s3d- 3s14f 3D _ 3F" 2-3 Jl 

90 1855.8054 1855.8044 91274.50 - 145159.49 3s4s- 3s9p 38_ 3po 1-2 K6 
UV4 190 1855.9286 ·1855.9256 37393.03 - 91274.50 3s3p- 3s4s 3po _ as 0-1 K6 

90 1856.0957 1856.0947 91274.50 - 145 151.06 9s4s- 9s9p 38_ 3po 1-1 K6 



AI n - Continued 

Y.1ult. ReI. Vac. Wavelength CA) Levels C cm-I
) Configurations Terms J Ref. 

No. Int. ObseIVed Calculated Lower Upper Values 

30 1856.2741 1856.2746 91274.50 -' 145145.84 3s4s- 3s9p 3S_ 3po 1- 0 K6 

N4 315 1858.0262 1858.0250 37453.91 - 91274.50 3s3p- 3s4s 3po_ 3S 1- 1 K6 

110 1859.9796 1859.9810 85481.35 - 139245.343 3p2_ 3sQf ID_ lp> 2- 3 K6 

5 1862.081 1862.0802 95350.60 - 149053.98 3s48- 3s14p IS_lpo 0-1 Kl 
N4 400 1862.3111 186~.3115 37577_79 - 91 274_50 3s3p- 3s4s 3po_ 3S 2- 1 K6 

5 1877.04 1877.046 95550.51 - 148825.7 3s3d- 3s1~ 3D_ 3p> 2- 3 Jl 

8 1878.504 1878.5043 95350.60 - 148584.44 3s4s- 3s13p IS_lpo 0- 1 .Kl 

10 1897.401 1897.4014 95549.42 - 148253.08 3s3d- 3s1lj 3D_ 3p> 3- 4 Kl 
3 1897.460 1897.4608 95550.51 - 148252.52 3s3d- 3s11! 3D_ 3p> 2- 3 Kl 
1 1897.500 1897.4997 95551.44 - 148252.37 3s3d- 3s1l! 3D_ 3F' 1- 2 Kl 

25 1899.1943 1899.1949 95350.60 - 148004.49 3s4s- 3s12p IS_ lpo 0- 1 K6 

8 1904.326 1904.3270 94084.96 - 146596.95 3p2_ 3s1Op 3p_ 3po 0- 1 Kl 
25 1906.4082 1906.4090 94147.46 - 146602.10 3p2_ 3s1Op 3p_ apo 1 ..... 2 K6 
4 1906:596 1906.5962 94 147.46 - 146596.95 3p2_ 3s1Op 3p_ 3po 1- 1 Kl 
8 1906.671 1906.6726 91117.16 - 146594_85 3p2_ !klOp 3p_ 3po 1- 0 Kl 

80 1910.8252 1910.8249 94268.68 - 146602.10 3p2_ 3s1Op 3p_ 3po 2~ 2 K6 
15 1911.013 1911.0129 94268.68 - 146596.95 3p2_ 3s1Op 3p_ 3po 2- 1 Kl 
1 1022.16 1022.151 05510.42 147574.4 9s9d- 9s11p 3D_ 3po 9-2 JJ 

50 1924.7537 1924.7537 95549.42 - 147504.12 3s3d- 3s10! 3D_ 3p> 3- 4 K6 
30 1924.825 1924.8256 95550.51 - 147503.27 3s3d- 3s1Qf 3D_ 3p> 2- 3 Kl 

10 1924.879 1924.8789 95551.44 - 147502.76 3s3d- 3s10! 3D_ 3p> 1 2 Kl 
60 1926.0291 1926.0319 95350.60 - 147270.82 3s4s- 3s11p IS_ lpo 0- 1 K6 
20 1926.948 1926.9479 91274.50 - 143170.04 3s4s- 3s8p 3S_ 3po 1- 2 Kl 
10 1927.070 1927.0697 91274.50 - 143 166.76 3s4s- 3s8p 3S_ 3po 1- 1 Kl 

1 1027.13 1027.120 01271.50 - 143 165.1 3s18- 3s8p 39_ 3pe> 1- 0 Jl 

150 1929.9775 1929.9773 94 147.46 - 145961.54 3p2_ 3p4s 3p_ 3po 1- 2 K6 
125 1931.0481 1931.0496 59852.02 - 111637.33 3s3p- 3p2 lpo_ IS 1- 0 K6 
160 1032.3768 1032.3760 01081.06 115834.70 3p2~ 3p48 3p~ ape> O~ 1 K6 

225 1934.5032 1934.5031 94268.68 - 145961.54 3p2_ 3p4s 3p_ 3po 2- 2 K6 
125 1934.7129 1934.7135 94 147.46 - 145834.70 3p2_ 3p4s 3p_ 3po 1- 1 K6 

125 1936.9066 1936.9076 94 147.46 - 145776.15 3p2_ 3p4s 3p_ 3po 1- 0 K6 
150 1939.2606 1939.2616 94268.68 - 145834.70 3p2_ 3p4s 3p_ 3po 2- 1 K6 

8 1958.247 1958.2463 94084.96 - 145151.06 3p2_ 3s9p 3p_ apo 0- 1 Kl 
1 1958.77 1958.7610 95549.42 - 146602.10 3s3d- 3s1Op 3D_ 3po 3- 2 JI 
0 1060.00 1060.0006 06660.61 ~ 146606.06 383d~ 3810p 3D~ 3po 2~ 1 Jl 

3 1960.322 1960.3219 94 147.46 - 145159.49 3p2_ 3s9p 3p_ apo 1- 2 Kl 
3 1960.646 1960.6459 94147.46 - 145 151.06 3p2_ 3s9p 3p_ 3po 1- 1 Kl 

10 1960.846 1060.8466 94147.46 - 145145.84 3p2_ 3s9p 3p_ 31'" 1- 0 Kl 
70 1962.5904 1962.5911 95549.42 - 146502.47 3s3d- 3s9! 3D_ 3p> 3-4 K6 
8 1962.645 1962.6481 95549.42 - 146500.99 3s3d- 3s9! 3D_ 3p> 3- 3 Kl 

60 1962.6910 1962.6900 95550.51 - 146500.99 3s3d- 3s9! 3D_ 3fO 2- 3 K6 
70 1962.7349 1962.7347 95350.60 - 146299.92 3s4s- 3s1Op IS_ Jpo 0- 1 K6 
50 1962.763 1962.768 95551.44 - 146499.90 3s3d- 3s9! 3D_ 3p> 1- 2 K6 
40 1964.990 1964.9913 94268.68 - 145159.49 3p2_ 3s9p 3p_ apo 2- 2 Kl 
10 1965.316 1965.3169 94268.68 - 145151.06 3p2_ 3s9p 9p_ 9p" 2- 1 Kl 

10 1983.650 1983.6500 95549.42 - 145961.54 3s3d- 3p4s 3D_ 3po 3- 2 Kl 
3 1988.699 1988.6966 95550.51 - 145834.70 3s3d- 3p4s 3D_ 3po 2- 1 Kl 

:]V 8 315 1990.5310 1990.5326 59852.02 - 110089.83 3s3p- 3s3d 1p"_ JD 1- 2 K6 
1 1991.05 1991.0518 95551.44 - 145776.15 3s3d- 3p4s 3D_ apo 1- 0 Jl 

Air Wavelength (A) 

70 2015.864 2015.864 95350.60 - 144941.10 3s4s- 3s9p IS_ lpo 0- 1 Kl 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 79 

AI II - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

150 2016.063 2016.062 05540.42 145 195.31 3s9d~ 3sS! 3D~ 3po 3, 4 Kl 
80 2016.193 2016.189 95549.42 - 145131.93 3sSd- 3s8! 3D_ 3F" 3- 3 Kl 

150 2016.234 2016.234 95550.51 - 145 131.93 3sSd- 3s8! 3D_ 3F" 2- 3 Kl 
50 2016.334 2016.332 95550.51 - 145 129.51 3sSd- 3s&( 3D_ 3F" 2-2 Kl 

100 2016.369 2016.370 95551.44 - 145 129.51 3sSd-3s&( 3D_ sF" 1- 2 Kl 

40 2022.081 2022.082 85 481.35 - 134919.40 3p2_ 3s6p 10_ lpo 2-1 Kl 
1 2036.75 2036.760 94084.96 - 143 166.76 3p2_ 3s8p 3p_ 3po 0- 1 Jl 
1 2039.22 2039.221 94 147.46 - 143170.04 3p2_ 3s8p 3p_ 3po 1- 2 Jl 
5 2039.40 2039.41 94 147.46 - 143 165.4 3p2_ 3s8p 3p_ spo 1- 0 Jl 
2 2044.27 2044.277 94268.68 - 143170.04 3p2_ 3s8p 3p _ 3po 2-2 Jl 

1 2044.41 2044.414 94268.08 - 143100.76 3p'l_ &8p ~p - ~P" 2- 1 Jl 

5 2047.63 2047.63 91274.50 - 140095.7 3s4s- 3s7p 38_ 3po 1- 2 Jl 
5 2047.79 2047.79 91274.50 - 140091.9 3s4s- 3s7p 38_ 3po 1- 1 Jl 
1 2047.87 2047.87 .91274.50 140090.0 3s4s- 3s7p 38_ spo 1- 0 Jl 

200 2014.009 2074.009 85481.36 - 133681.18 Sp'l_ 3s5f ID_ IF" 3- 3 Kl 

UV3 15 2081.481 2081.480 37453.91 - 85481.35 3s3p- 3p2 3po_ 10 1- 2 Kl 
UV3 30 2086.864 2086.864 37577.79 - 85 481.35 3s3p- 3p2 3po_ 10 2- 2 Kl 

700 2094.264 2094.263 95549.42 - 143283.75 3s3d- 3s7! 30 _ SF" 3- 4 Kl 
150 2094.744 2094.741 95549.42 - 143272.86 3s3d- 3s7! 30_ SF" 3- 3 Kl 
300 2094.790 2094.789 95550.51 - 143272.86 3s3d- 3s7! 3D_ spa 2- 3 Kl 

100 2095.100 2095.097 950uO.51 - 1432M.83 &3d- &7f ~D- 9F' 2-2 K1 
200 2095.140 2095.138 95551.44 - 143265.83 3s3d- 3s7! 3D_ spa 1- 2 Kl 
80 2099.709 2099.706 95350.60 - 142961.20 3s4s- 3s8p J8 _ lpo 0- 1 Kl 

500 2192.604 2192.601 95549.42 - 141 143.1 3sSd- 3pSd 3D_ 3F" 3- 4 Kl 
20 2194.189 2194.189 95549.42 - 141 110.1 3s3d- 3p3d 9D _ 9r 3- 3 K1 

70 2194.245 2194.242 95550.51 - 141 110.1 3s3d- 3p3d 30_Spa 2- 3 Kl 
300 2195.456 2195.456 95550.51 - 141 084.9 3s3d- 3p3d 3n _ sF" 2- 2 Kl 
300 2195.502 2195.501 95551.44 - 141 084.9 3sSd- 3p3d 30 _ SF" 1- 2 Kl 
300 2243.045 2243.047 95350.60 - 139918.98 3s4s- 3s7p 18 _ lpo 0-1 Kl 
50 2285.126 2285.133 91274.50 - 135022.127 3s4s- 3s6p 38_ 3po 1-2 Kl 

10 228t5.410 2285.469 91274.50 - 135015.701 3s4.s-- 3s6p !lS- !IF" 1- 1 KI 
5 2285.69 2285.65 91274.50 - 135012.285 3s4s- 3s6p 38_ 3po 1- 0 82 
1 2312.225 2312.192 105441.50 - 148677.2 3s4p- 3s13s 3po_ as 1- 1 82 

100 2313.768 2313.768 105470.93 - 148677.2 3s4p- 3s13s 3po_ as 2- 1 Kl 
;J50 :::3:::4.199 2324.198 95549.42 - 138 t>61.8 3s3d- 3sQf 0U_ 01'''' 3- 4 Kl 

10 2325.436 2325.437 95549.42 - 138538.9 3s3d- 3s6! 3D_ 3F" 3- 3 Kl 
300 2325.494 2325.496 95550.51 - 138538.9 3s3d- 3sQf 3n _ 3F" 2- 3 Kl 

10 2326.445 2326.443 95550.51 - 138521.4 3s3d- 3s6! 30_ 3F" 2- 2 Kl 
300 2326.496 2326.493 95551.44 - 138521.4 3s3d- 3s6! 30_ SF" 1- 2 Kl 

3 2328.20 2328.20 106 920.56 - 149859.0 3s4p- 3s16s lpo_ 18 1- 0 82 

7 2344.69 2344.69 106 930.56 - 149557.1 3s4p- 35155 Jp" _ IS 1- 0 S2 
3 2345.47 2345.47 105470.93 - 148093.2 3s4p- 3s11d 3po_ 3D 2- 3 82 
3 2345.92 2345.90 105441.50 - 148056.1 3s4p- 3s12s 3po_ as 1- 1 82 

30 2347.516 2347.517 105470.93 - 148056.1 3s4p- 3s12s 3po_ 38 2- 1 Kl 
10 2365.460 2365.489 106920.56 - 149 182.2 3s4p- 3s14s Ipo _ J8 1- 0 82 

5 2389.035 2389.032 105441.50 - 147286.7 3s4p- 3s10d 3po_ 30 1- 2 Kl 
25 2390.692 2390.691 105470.93 147287.10 3s4p- 3s1Od 3po _ 3D 2-3 KI 
15 2391.276 2391.277 105427.52 - 147233.45 3s4p- 3s115 3po _ as 0- I KI 
50 2392.078 2392.076 105441.50 147233.45 3s4p- 3s11s spo_ 38 1- 1 Kl 
10 2392.234 2392.232 106920.56 - 148709.8 3s4p- 3s13s lpo_ 18 1 ~ 0 Kl 

100 2393.760 2393.762 105470.93 - 147233.45 3s4p- 3s11s 3po _ 38 2-1 Kl 
5 2425.596 2425.590 106920.56 - 148 135.13 3s4p- 3s11d lpo_ In 1- 2 Kl 

50 2427.742 2427.742 106920.56 - 148098.6 3s4p- 3s12s Ip"'_ 15 1- 0 Kl 

30 2452.584 2452.584 105427.52 - 146 188.5 3s4p- 3s9d spo_ 30 0- I Kl 
100 2453.423 2453.426 105441.50 - 146 188.6 384 - 3s9d p 3po_ 3n 1- 2 Kl 



AI II - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-l) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

200 2455.177 2455.175 105470.93 - 146188.9 3s4p- 3s9d 3po_ 30 2- 3 Kl 
100 2457.187 2457.188 105427.52 - 146112.14 3s4p- 3s10s 3po_ as 0- 1 Kl 
300 2458.037 2458.032 105441.50 - 146112.14 3s4p- 3s10s 3po_ 3S 1- 1 Kl 

3 2458.88 2458.88 110089.83 - 150746.4 3s3d- 3s20/ 10_ IF" 2- 3 82 

500 2459.809 2459.812 105470.93 - 146112.14 3s4p- 3s10s 3po_ as 2-1 Kl 

3 2466.28 2466.28 110089.83 - 150624.5 3s3d- 3s19/ 10_ lfO 2- 3 S2 

25 2473.008 2473.010 106 920.56 - 147344.89 3s4p- 3s1Od lpo _ 11 1- 2 Kl 
UV12 1500 2475.252 2475.256 85481.35 - 125869.015 3p2_ 3s5p 10_ lpo 2- 1 Kl 

300 2476.322 2476.313 106920.56 - 147290.98 3s4p- 3s11s lpo_ 18 1- 0 Kl 
5 2485.35 2485.354 110089.83 - 150313.4 3s3d- 3s171 10_ lfO 2- 3 82 

10 2497.886 2497.887 110089.83 - 150111.6 3s3d- 3s1Qf 10_ lfO 2- 3 Kl 
5 2504.25 2504.25 110089.83 - 150009.9 3s3d- 3s17p 10_ lpo 2- 1 82 

20 2513.145 2513.147 110089.83 - 149868.6 3s3d- 3s151 10_ lfO 2- 3 Kl 
45 2520.579 2520.587 110089.83 - 149751.2 3s3d- 3s16p 10_ lpo 2- 1 Kl 

1000 2526.486 2526.484 95350.60 - 134919.40 3s4s- 3s6p IS_ lpo 0- 1 Kl 

50 2532.092 2532.092 110089.83 - 149571.0 3s3d- 3s141 10_lfO 2- 3 Kl 
UV15 300 2532.629 2532.635 95549.42 - 135022.127 3s3d-3s6p 30_ 3po 3- 2 Kl 
UV15 5 2533.117 2533.117 95550.51 - 135015.701 3s3d- 3s6p 30_ 3po 2- 1 Kl 
UV15 45 2533.170 2533.177 95551.44 - 135015.701 3s3d-3s6p 30_ 3po 1- 1 Kl 

150 2540.179 2540.182 106 920.56 - 146276.0 3s4p- 3s9d lpo_ 10 1- 2 Kl 

100 2540.706 2540.705 110089.83 - 149437.17 3s3d- 3s15p 10_ lpo 2- 1 Kl 
450 2545.606 2545.609 106920.56 - 146192.1 3s4p- 3s10s lpo_ 18 1- 0 Kl 
150 2549.314 2549.313 105427.52 - 144642.0 3s4p- 3s&l 3po_ 30 0- 1 Kl 
450 2550.217 2550.211 105441.50 - 144642.18 3s4p- 3s&l 3po_ 30 1- 2 Kl 
500 2552.109 2552.109 105470.93 - 144642.45 3s4p- 3s&l 3po_ 30 2- 3 Kl 

50 2556.007 2556.008 110089.83 - 149201.6 3s3d- 3s131 10_ lfO 2- 3 KI 
300 2556.793 2556.789 105427.52 - 144527.35 3s4p- 3s9s 3po _ 3S 0- 1 Kl 
500 2557.707 2557.704 105441.50 - 144527.35 3s4p- 3s9s 3po _ 3S 1- 1 Kl 

1000 2559.627 2559.631 105470.93 - 144527.35 3s4p- 3s9s 3po _ 38 2- 1 Kl 
150 2565.694 2565.693 110089.83 - 149053.98 3s3d- 3s14p 10_ lpo 2- 1 Kl 

150 2586.829 2586.827 110089.83 - 148735.66 3s3d- 3s121 10_ IF" 2- 3 Kl 
300 2596.992 2596.990 110089.83 - 148584.44 3s3d- 3s13p 10 _ lpo 2- 1 Kl 

15 2622.926 2622.934 111 637.33 - 149751.2 3p2_ 3s16p 18_ lpo 0- 1 Kl 
350 2627.597 2627.609 110089.83 - 148135.9 3s3d- 3s111 10- IfO 2- 3 Kl 

UVll 100 2631.546 2631.546 85 481.35 - 123470.5 3p2_ 3s4f 10- IfO 2- 3 Kl 

250 2635.020 2635.018 85481.35 - 123420.45 3p2_ 3s41 10_ 3fO 2- 3 Kl 
500 2636.724 2636.716 110089.83 - 148004.49 3s3d- 3s12p . 10- lpo 2- 1 KI 

UV14 3000 2637.689 2637.691 95549.42 - 133450.07 3s3d- 3sllf 3D_ 3f"O 9- 4 Kl 

UV14 1000 2638.178 2638.178 95549.42 - 133443.08 3s3d- 3s51 30_ 3fO 3- 3 Kt 
UV14 2500 2638.255 2638.254 95550.51 - 133443.08 3s3d- 3s51 30_ 3fO 2- 3 Kl 

UV14 50Q 2638.627 2638.627 9fi fifiOJ\1 - 133437.71 3.~3d- 3s5j 3D_ 3f"O 2- 2 Xl 
UV14 2000 2638.690 2638.692 95551.44 - 133437.71 3s3d- 3s51 30_ 3fO 1- 2 Kl 

450 2640.408 "2640.407 106920.56 - 144782.23 3s4p- 3s&l lpo_ 10 1- 2 Kl 
500 2650.073 2650.073 106 920.56 144644.14 3s4p- 3s9s lpo_ 18 1- 0 Kl 

INI 25000 2669.157 2669.1fifi 0.00 - 9745R91 3s2 _ 3s3p IS_ 3pe 0- 1 Kl 

45 2671.811 2671.813 111637.33 - 149053.98 3p2_ 3s14p 18_ lpo 0- 1 Kl 
500 2683.274 2683.274 110089.83 - 147346.67 3s3d- 3s101 10- IfO 2- 3 Kl 
500 2688.743 2688.748 110089.83 - 147270.82 3s3d- 3s11p 10_ lpo 2- 1 Kl 

50 2705.770 2705.769 111 637.33 - 148584.44 3p2_ 3s13p 18_ lpo 0- 1 Kl 
300 2706.435 2706.435 105427.52 - 142365.54 3s4p- 3s7d 3po _3D 0- 1 Kl 

500 2707.452 2707.449 105441.50 - 142365.69 3s4p- 3s7d 3po_ 30 1- 2 Kl 
1000 2709.593 2709.587 105470.93 - 142365.98 3s4p- 3s7d 3po_ 3D 2- 3 Kl 
350 2719.884 2719.881 105427.52 - 142 182.94 3s4p- 3sSs 3po_ 38 0- 1 Kl 
500 2723.098 2723.098 105470.93 - 142 182.94 3s4p- 3sSs 3po_ 38 2- 1 Kl 
150 2748.925 2748.921 111 637.33 - 148004.49 3p2_ 3s12 p 18_ lpo 0- 1 Kl 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 



WAVELENGTHS AND ENERGY LEVELS Of ALUMINUM 

AI II - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-i) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

500 2760.844 2760.845 110089.83 - 146299.92 3s3d- 3s1Op 10_ lpo 2- 1 Kl 
500 2762.464 2762.464 110089.83 - 146278.70 3sSd- 3s91 10_ IF" 2- 3 Kl 
500 2801.178 2801.181 106920.56 - 142609.27 3s4p- 3s7d lpo.,.. 10 1- 2 Kl 
150 2805.518 2805.522 111 637.33 - 147270.82 3p2_ 3s11p 18_ lpo 0- 1 Kl 

UV7 4000 2816.185 2816.185 59852.02 - 95350.60 3s3p- 3s4s lpo_ 18 1- 0 Kl 

125 2820.646 2820.641 106920.56 - 142363.06 3s4p- 3sSs lpo_ 18 1- 0 Kl 
1000 2868.494 2868.494 110089.83 - 144941.10 3sSd-3s9p 10_ lpo 2- 1 Kl 
500 2881.450 2881.446 110089.83 - 144784.45 3s3d- 3s81 10_ IF" 2- 3 Kl 

10 2884.106 2884.109 111637.33 - 146299.92 3p2_ 3s1Op 18_ lpo 0- 1 Kl 
UV13 2902.08 2902.143 91274.50 - 125721.703 3s4s- 3s5p 38_ 3po 1- 2 PI 

UV13 2902.08 2902.142 91 274.50 - 125703.140 3s4s- 3s5p 38_ 3po 1- 0 PI 
UV13 2903.19 2903.228 91274.50 - 125708.828 3s4s- 3s5p 38_ 3po - 1-1 PI 

14 50 2994.277 2994.273 105427.52 - 138814.87 3s4p- 3s6d 3po_ 3D 0- 1 Kl 
14 400 2995.525 2995.528 105441.50 - 138814.87 3s4p- 3s6d 3po_ 3D 1- 2 Kl 
14 500 2998.150 2998.149 105470.93 - 138815.12 3s4p- 3s6d 3po_ 3D 2- 3 Kl 

30 3001.790 3001.788 111 637.33 - 144941.10 3p2_ 359p 18_ lpo 0- 1 Kl 
13 15 3022.789 3022.792 105427.52 - 138499.89 3s4p- 3s7s 3po_ 38 0- 1 Kl 
13 200 3024.077 3024.070 105441.50 - 138499.89 3s4p- 3s7s 3po_ 38 1- 1 Kl 
13 500 3026.761 3026.765 105470.93 - 138499.89 3s4p- 357s "po- "8 2- 1 Kl 
28 750 3041.276 3041.276 110089.83 - 142961.20 3s3d- 3s8p 10_ lpo 2- 1 KI 

27 750 3074.691 3074.684 110089.83 - 142604.05 3s3d- 3s71 10_ IF" 2- 3 Kl 
20 800 3088.516 3088.518 106920.56 - 139289.15 3s4p- 3s6d lpo_ 10 1- 2 K1 
19 75 3135.848 3135.850 106920.56 - . 138 800.60 3s4p- 3s7s lpo_ 18 1- 0 Kl 

2 3191.529 3191.531 111637.33 - 142961.20 3p2_ 3s8p 18_ lpo 0- 1 Kl 
5 80 3275.767 3275.766 95350.60 - 125869.015 3s4s- 3s5p 18 _ lpo 0-1 Kl 

8 80 3313.344 3313.346 95549.42 - 125721.703 3s3d- 3s5p 30_ 3po 3- 2 PI 
8 2 3313.470 3313.466 95550.51 - 125721.703 3s3d- 3s5p 30_ 3po 2- 2 PI 
8 2 3314.756 3314.761 95549.42 - 125708.828 3s3d-355p 30_ 3po 3- 1 PI 
8 40 3314.883 3314.881 95550.51 - 125708.828 3s3d- 3s5p 30_ 3po 2- 1 PI 
8 1 3314.981 3314.984 95551.44 - 125708.828 3s3d- 3s5p 30_ 3po 1- 1 PI 

8 2 3315.516 3315.506 95550.51 - 125703.140 3s3d-3s5p 30_ 3po 2- 0 PI 
8 10 3315.608 3315.608 95551.44 - 125703.140 3sSd- 3s5p 30_ 3po 1- 0 PI 
26 50 3351.462 3351.462 110089.83 - 139918.98 3sSd- 3s7p 10_ lpo 2- 1 K1 
25 30 3428.894 3428.900 110089.83 - 139245.343 3sSd- 3561 10_ IF" 2- 3 K1 
55 5 3463.63 3463.60 121483.50 - 150346.9 354d- 35171 3D _ 3F" 3- 4 82 

54 2 3516.05 3516.06 121 483.50 - 149916.3 3s4d- 35151 30_ 3F" 3- 4 82 
-5 3534.856 3534.851 111 637.33 - 139918.98 3p2_ 357p IS_ lpo 0- 1 Kl 

5q 3 3552.00 3551.95 121 483.50 - 149629.0 3s4d- 3514f 30_ 3F" 3- 4 82 
7 200 3586.557 3586.557 95549.42 123423.36 3sSd- 354f 3D _ 3li'" 3,... 4 PI 
7 15 3586.708 3586.697 95550.51 - 123423.36 35Sd- 3s41 3D _ 3li'" 2- 4 PI 

7 2 3586.811 3586.817 95551.44 - 123423.36 353d- 3s4f 3D _ 3li'" 1- 4 PI 
7 50 3586.912} 3586.931 95549.42 - 123420.45 35Sd- 3s4f 30_ 3F" 3- 3 PI 
7 25 3586.936 PI 
7 100 3587.068 3587.072 95550.51 - 123420.45 3s3d-3s4f 30_ 3F" 2- 3 PI 
7 5 3587.165} 3587.185 95549.42 - 123418.48 353d- 3541 30_ 3li'" 3- 2 PI 
7 10 3587.195 PI 

7 30 3587.309} 3587.325 95550.51 - 123418.48 353d- 354f 30_ 3li'" 2- 2 PI 
7 50 3587.342 PI 
7 70 3587.450 3587.445 95551.44 - 123418.48 3s3d- 3s4f 30_ ali'" 1- 2 Kl 
52 4 3597.50 3597.46 121 483.50 - 149273.0 3s4d- 3s131 30_ 3F" 3- 4 82 
12 10 3649.184 3649.204 105427.52 - 132822.95 3s4p- 3s5d 3po_ 3D 0- 1 PI 
12 5 3649.232 PI } 



AI II - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

12 40 3651.065} 3651.087 105441.50 - 132822.80 3s4p- 3s5d 3po _ 3D 1- 2 PI 

12 30 3651.096 PI 

12 35 3654.981} 3655.004 105470.93 - 132822.89 3s4p- 3s5d 3po _ 3D 2- 3 PI 

12 50 3654.998 PI 

51 2 3656.319 3656.309 121483.50 - 148825.7 3s4d- 3s12f 3D_ 31"" 3- 4 82 

18 30 3703.219 3703.225 106920.56 - 133916.368 3s4p- 3s5d lpo_ ID 1- 2 Kl 
11 10 3731.952 3731.954 105427.52 - 132215.517 3s4p- 3s6s 3po _ 38 0- 1 Kl 
11 20 3733.908 3733.903 105441.50 - 132215.517 3s4p- 3s6s 3po _ 38 1- 1 Kl 
50 3 3734.567 3734.521 121483.50 - 148253.08 3s4d- 3s11f 3D_ 31"" 3- 4 82 

50 2 3734.715 {3734.658 121483.92 - 148252.52 3s4d- 3s11f 3D_ 31"" 2- 3 82 

50 3734.726 121 484.252 - 148252.37 3s4d- 3s11f 3D_ 31"" 1- 2 

11 50 3738.015 3738.012 105470.93 - 132215.517 3s4p- 3s6s 3po _ 38 2- 1 Kl 
39 2 3753.10 3753.001 121 366.725 - 148004.49 3s5s- 3s12p 18_ lpo 0- 1 82 

33 3771.205 120092.919 - 146602.10 3s5s- 3s1Op 38_ 3po 1- 2 
;:$;3 3771.938 120 092.919 - 146596.95 as 58 - as lO"p !IS - !lpo 1- 1 

33 3772.237 120092.919 - 146594.85 3s5s- 3s1Op 38_ 3po 1- 0 

49 6 3842.037 3842.016 121483.50 - 147504.12 3s4d- 3s10f 3D_ 31"" 3- 4 82 
49 4 :3S42.U:3 3842.204 121 483.92 - 147503.27 3s4d- 3s101 9D_ 9F' 2.- 3 S2 

49 2 3842.317 3842.328 121484.25 - 147502.76 3s4d- 3slOf 3D_ 31"" 1- 2 82 

38 6 3859.33 3859.298 121 366.725 - 147270.82 3s5s- 3s11p 18 _ lpo 0- 1 82 

17 8 3866.160 3866.168 106920.56 - 132778.633 3s4p- 3s6s Ipo _ 18 1- 0 Kl 

74 2 3870.057 3870.050 123423.36 - 149255.5 3s4f- 3s13g 31""_ G 4- 82 
1 100 3900.675 3900.675 59852.02 - 85481.35 3s3p- 3p2 lpo_1D 1- 2 K1 
73 2d 3938.621 3938.631 123420.45 - 148802.8 3s4f- 3s12g 31""_ G 3- 82 
73 Id 3939.066 3939.082 123423.36 - 148802.8 3s4f- 3s12g 31""_ G 4- 82 
63 2d 3946.406 3946.412 123470.5 - 148802.8 3s4f- 3s12g 11""_ G 3- 82 

48 3979.988 121 483.50 - 146602.10 3s4d- 3s1Op 3D _ 3po 3- 2 
48 3980.871 121 483.92 - 146596.95 3s4d- 3s1Op 3D _ 3po 2- 1 
48 3981.256 121 484.252 - 146594.85 3s4d- 3s1Op 3D _ 3po 1- 0 
32 3988.248 120092.919 - 145 159.49 3s5s- 3s9p 38_ 3po 1- 2 
32. 3989.589 120092.919 - 145 151.06 3s5s- 3s9p 38_ 3po 1- 1 

32 3990.421 120092.919 - 145145.84 3s5s- 3s9p 38_ 3po 1- 0 
47 40 3995.838 3995.837 121 483.50 - 146502.47 3s4d- 3s9f 3D_ 31"" 3- 4 Kl 
47 10 3996.075 3996.074 121 483.50 - 146500.99 3s4d- 3s9f 3D_ 31"" 3- 3 82 
47 30 3996.143 3996.141 121 483.92 - 146500.99 3s4d- 3s9f 3D_ 31"" 2- 3 Kl 
47 5 3996.182 3996.194 121 484.252 - 146500.99 3s4d- 3s9f 3D _ 3F" 1- 3 82 

47 5 3996.323 3996.315 121 483.92 - 146499.90 3s4d- 3s9f 3D_ 31"" 2- 2 82 
47 20 3996.370 3996.368 121 484.252 146499.90 3s4d- 3s9f 3D_ 31"" 1- 2 KI 
89 2 4005.7 4005.75 124794.13 - 149751.2 3s4d- 3s16p 1D_ 1po 2- 1 82 
37 2 4009.58 4009.583 121 366.72 - 146299.92 3s5s- 3s1Op 18_ lpo 0- 1 82 
24 20 4026.5 4026.318 110089.83 - 134919.40 3s3d-3s6p ID_ lpo 2- 1 82 

72 2 4031. 135} 4031.18 123420.45 - 148220.1 3s4f- 3s11g 31""_ G 3- 82 
72 1 4031.210 82 
72 Id 4031.633 4031.65 123423.36 - 148220.1 3s4f- 3sUg 3F"_ G 4- 82 
62 2 4039.302} 4039.33 123470.5 - 148220.1 3s4f- 3s11g 11""_ G 3- 82 
62 1 4039.397 82 

88 2 4056.8 4056.795 124794.13 - 149437.17 3s4d- 3s15p ID _ lpo 2- 1 82 
71 1 4159.407} 4159.44 123418.48 - 147453.4 3s4f- 3s10g 31""_ G 2- 82 
71 2 4159.450 82 
71 3 4159.728} 4159.78 123420.45 - 147453.4 3s4f- 3s10g 3F"_ G 3- 82 
71 2 4159.809 82 

71 5 4160.239} 4160.28 123423.36 - 147453.4 3s4f- 3s10g 3F" - G 4- 82 
71 6 4160.263 82 
61 3 4168.424} 4168.46 123470.5 - 147453.4 3s4f- 3s10g IF" - G 3- 82 
61 3 4168.511 82 
46 50 4226.813 4226.816 121 483.50 - 145 135.31 3s4d- 3s8 3D _ 3F" 3- 4 Kl 
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AI II - Continued 

Mult. Rel. Air Wavelength (A) Levels (em-l) Configurations Terms J Ref. 

No. Int. ObseIVed Calculated Lower Upper Values 

43 5 5093.65 5093.82 121483.92 - 143272.86 3s4d- 3s7f 3D _ 3F" 2- 3 82 

43 3 5100.34 5100.45 121 484.252 - 143265.83 3s4d- 3s7f 3D_ 3F" 1- 2 82 

68 500 5144.413· 5144.42 123418.48 - 142851.6 3s4f- 3s7g 3F"_ G 2- 82 

68 500 5144.884} 5144.94 123420.45 - 142851.6 3s4f- 3s7g 3F"_ G 3- Kl 
68 300 5145.008 Kl 

68 500 5145.654 5145.71 123423.36 - 142851.6 3s4f- 3s7g 3F"_ G 4- 82 

58 200 5158.177} 5158.23 123470.5 - 142851.6 3s4f- 3s7g IF" - G 3- Kl 
58 300 5158.309 Kl 
67 4 5276.42 5276.396 123418.48 - 142365.54 3s4f- 3s7d 3F'_ 3D 2- 1 82 

67 4 5276.81 5276.902 123420.45 - 142365.69 3s4f- 3s7d 3?_ 3D 3- 2 82 

67 4 5277.68 5277.632 123423.36 - 142365.98 3s4f- 3s7d 3?_3D 4- 3 82 

95 6 5278.62 5278.604 125703.14 - 144642.27 3s5p- 3sSd 3po_ 3D 0- 1 82 

95 8 5280.214 5280.216 125 708.828 - 144642.18 3s5p- 3sSd 3po_ 3D 1- 2 Kl 
95 100 5283.735 5283.733 125721.703 - 144642.45 3s5p- 3sSd 3po_ 3D 2- 3 Kl 
102 30 5285.842 5285.838 125 869.015 - 144782.23 9s5p- 9sSd IF"_ In 1- 2 Kl 

94 4 5310.76 5310.831 125703.14 - 144527.35 3s5p- 3s9s 3po_ 38 0- 1 82 

94 10 5312.32 5312.434 125708.82 - 144527.35 3s5p- 3s9s 3po_ 38 1- 1 82 
94 15 5316.075 53 Ht073 125 721.703 - 144527.35 9sSp- 9s9s sF" _ 3S 2- 1 Kl 
101 8 5324.61 5324.713 125869.01 - 144644.14 3s5p- 3s9s lpo_ 18 1- 0 82 

42 12 5371.84 {537l.33 121483.50 - 140095.7 3s4d- 3s7p 3D_ 3po 3- 2 82 

42 5372.54 121483.92 - 140091.9 3s4d- 3s7p 3D_ 3po 2- 1 

34 2 5388.48 5388.682 121366.725 - 139918.98 3s5s- 3s7p 18_ lpo 0- 1 82 

78 6 5502.88 5502.936 124794.13 - 142961.20 3s5d- 3s8p ID_ lpo 2- 1 82 
16 800 5593.302 5593.300 106920.56 - 124794.13 3s4p- 3s4d lpo_ ID 1- 2 Kl 
77 100 5613.291 5613.290 124794.13 - 142604.05 3s4d- 3s7f ID _ IF" 2- 3 Kl 
41 100 5853.62 5853.76 121483.50 - 138561.8 3s4d- 3s6f 3D_ 3F" 3- 4 82 

41 80 5861.53 5861.77 121483.92 - 138538.9 3s4d- 3s6f 3D _ 3F" 2- 3 82 
41 50 5867.81 5867.90 121 484.252 - 138521.4 3s4d- 3s6f 3D _ 3F" 1- 2 82 
100 80 5971.980 5971.970 125 869.015 - 142609.27 3s5p- 3s7d lpo_ ID 1- 2 Kl 
93 3 5999.70} 5999.875 125 703.140 - 142365.54 3s5p- 3s7d 3po_ 3D 0- 1 PI 
93 2 5999.83 PI 

109 2 6001.18 6001.26 132 778.633 - 149437.17 3s6s- 3s15p 18_ lpo 0- 1 82 
93 60 6001.76 6001.869 125 708.828 - 142365.69 3s5p- 3s7d 3po_ 3D 1- 2 PI 
93 40 6001.88 6001.924 125 708.828 - 142365.54 3s5p- 3s7d 3po_ 3D 1- I PI 
93 200 6006.410 6006.408 125721.703 - 142365.98 3s5p- 3s7d 3po_ 3D 2- 3 Kl 
99 30 6061.124 6061.116 125869.015 - 142363.06 3s5p- 3sBs lpo_ 18 1- 0 Kl 

92 15 6066.32} 6066.36 125 703.140 - 142 182.94 3s5p- 3sBs 3po_ 38 0- 1 PI 
92 10 6066.44 Pl 

92 40 6068.43} 6068.45 125 708.828 - 142 182.94 3s5p- 3sBs 3po_ s8 1- 1 PI 
92 25 6068.53 PI 
92 50 6073.198 6073.196 125721.703 - 142 182.94 3s5p- 3sBs 3po_ 38 2- 1 Kl 

66 50 6181.57} 6181.58 123418.48 139 591.1 3s4f- 3s6g 3?_ G 2- 3 PI 
66 60 6181.68 PI 
66 500 6182.262} 6182.33 123420.45 - 139591.1 3s4f- 3s6g 3?_ G 3- Kl 
66 300 6182.447 Kl 
66 1000d 6183.42 6183.44 123423.36 - 139591.1 3s4f- 3s6g 3F'_ G 4- PI 

57 300 6201.463} 6201.53 123470.5 - 139591.1 3s4f- 3s6g IF'_ G 3- Kl 
57 200 6201.655 Kl 
10 50 6226.18 6226.19 105427.52 - 121484.252 3s4p- 3s4d 3po_ 3D 0- 1 Kl 
10 75 6231.745 6231.750 105441.50 - 121 483.92 3s4p- 3s4d 3po_ 3D 1- 2 Kl 
10 100 6243.36 6243.37 105470.93 - 121 483.50 3s4p- 3s4d 3po_ 3D 2- 3 PI 

22 30 6335.701 6335.71 110089.83 - 125869.015 3s3d-3s5p ID_ lpo 2- 1 Kl 
65 6495.45 6495.19 123423.36 - 138815.12 3s4f- 3s6d 3?_ 3D 4- 3 82 
76 6609.64 6609.81 124794.13 - 139918.98 3s4d- 3s7p ID_ lpo 2- 1 PI 
29 2 6696.39 6696.430 120092.919 - 135022.127 3s55- 3s6p 38_ 3po 1- 2 82 
29 1 6699.46 6699.314 120092.919 - 135015.701 3s5s- 3s6p 38_ 3po 1- 1 82 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 799 

AI II - Continued 

Mult. ReI. Air Wavelength (A.) Levels (em-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

111 6777.06 132822.80 - 147574.4 3s5d- 3s11p 3D _ 3po 2-

111 6777.10 132822.89 - 147574.4 3s5d- 3s11p 3D _ 3po 3- 2 

111 6777.12 132822.95 - 147574.4 3s5d- 3s11p 3D_ 3po 1-

9 10 6816.69 6816.89 105427.52 - 120092.919 3s4p- 3s5s 3pt' _ as 0- 1 PI 
9 50 6823.48 6823.39 105441.50 - 120092.919 3s4p- 3s5s 3pt'_ 3S 1- 1 PI 

9 80 6837.14 6837.13 105470.93 - 120092.919 3s4p- 3s5s 3~_ as 2- 1 PI 
75 10 6917.93 6917.93 124794.13 - 139245.34 3s4d-3sQf ID_ IF" 2- 3 Pl 

15 1 6919.96 6920.34 106920.56 - 121366.725 3s4p- 3s5s l~_ IS 1- 0 82 

3 100 7042.06 7042.08 91274.50 - 105470.93 3s48- 3s4p 3S_ 3po 1- 2 PI 
3 50 7056.60 7056.71 91274.50 - 105441.50 3s48- 3s4p 38_ 3~ 1- 1 PI 

3 10 7063.64 7063.68 91274.50 - 105427.52 3s48- 3s4p 38_ 3po 1- 0 PI 
114 7132.89 133437.71 - 147453.4 3s5/- 3s10g 3fO_ G 2-
114 7135.63 133443.08 - 147453.4 3s5/- 3s10g 3fO_ G 3-
114 2 7138.81 7139.19 133450.07 - 147453.4 3s5/- 3s10g 3F"_ G 4- 82 
98 50 7449.42 7449.44 125 869.015 - 139289.15 . 3s5p- 3s6d Ipo _ ID 1- 2 PI 

21 90 7471.41 7471.41 110089.83 - 123470.5 3s3d-3s-1f ID_ JF' 2- 3 PI 
119 2 7526.2 7526.2 134 183.7 - 147467.0 3s5g- 3slOh G- HO PI 
91 5 7624.48 7624.66 125 703.140 - 138814.87 3s5p- 3s6d 3pt' _ 3D 0- 1 PI 
91 10 7627.85 7627.96 125 708.828 - 138814.87 3s5p-3s6d 3po _ 3D 1- 2 PI 
91 20 7635.33 7635.32 125721.703 - 138815.12 3s5p- 3s6d 3po_ 3D 2- 3 PI 

113 1 7709.78 7709.86 133450.07 - 146416.9 3s5/- 3s9g 3F'_ G 4- PI 
90 5 7812.31 7812.33 125 703.140 - 138499.89 3s5p- 3s7s 3pt' _ 3S 0- 1 PI 
90 10 7815.83 7815.80 125 708.828 - 138499.89 3s5p- 3s78 3po_ 38 1- 1 PI 
90 20 7823.72 7823.68 125721.703 - 138499.89 3s5p- 3s78 3po_ 3S 2- 1 PI 
116 5 8086.91 8086.86 133916.36 - 146278.70 3s5d- &9/ ID_ JF" 2- 8 PI 

110 15 8119.72 8119.65 132822.89 - 145135.31 3s5d- 3s8/ 3D_ 3fO 3- 4 PI 
110 2 8121.89} 8121.82 132822.80 - 145131.93 3s5d- 3s8/ 3D_ 3fO 2- 3 PI 
110 5 8122.08 PI 
110 1 8123.52 r12

8.42 
132822.80 - 145129.51 3s5d- &81 3D_ 3F" 2- 2 PI 

UO 8123.47 132822.89 - 145129.51 3s5d- 3s8/ 3D_ 3F' 3- 2 PI 
110 8123.51 132822.95 - 145129.51 3s5d- 3s~ 3D_ 3fO 1- 2 PI 

U8 30 8160.15 8160.16 134183.7 - 146435.0 3s5g- 3s9h G- HO PI 
40 100 8354.318 8354.32 121 483.50 - 133450.07 3s4d- 3s5/ 3D_ 3F" 3- 4 Kl 
40 5 8359.23 8359.20 121 483.50 - 133443.08 3s4d- 3s5! 3D_ 3fO 3- 3 PI 
40 50 8359.492 8359.49 121483.92 - 133443.08 3s4d- 3s5/ 3D_ 3fO 2- 3 Kl 
40 5 8363.251 8363.25 121 483.92 - 133437.71 3s4d- 3s5! 3D_ 3fO 2- 2 Kl 

40 50 8363.469 8363.48 121 484.252 - 133437.71 3s4d- 3s51 3D_ 3F' 1- 2 Kl 
4 100 8640.705 8640.70 95350.60 - 106920.56 3s48- 3s4p 18 _ lpo 0- 1 Kl 
112 5 8671.06} 8671.1 133437.71 - 144967.1 3s51- 3sSg 3F"_ G 2- 3 PI 
U2 10 8671.28 PI 
U2 20 8674.92} 8675.1 133443.08 - 144967.1 3s51- 3sSg 3F"_ G 3- PI 
112 10 8675.28 PI 

112 30 8680.26} 8680.4 133450.07 - 144967.1 3s51- 3sSg 3po_ G 4- PI 
112 25 8680.36 PI 
U5 10 8858.39} 8858.6 133681.78 - 144967.1 3s51- 3sSg IF"_ G 3- PI 
115 5 8858.77 PI 
108 9126.14 132 215.517 - 143170.04 3s6s- 3s8p 38_ 3po 1- 2 

117 10 9249.41 9249.4 134183.7 - 144992.2 3s5g-3sSh G- HO PI 
64 10 9286.578} 9286.6 123418.48 - 134 183.7 3s4f- a.~5g 31""_ G 2- PI 
64 20 9286.794 PI 
64 30 9288.145} 9288.3 123420.45 - 134 183.7 3s-1f- 3s5g 3F'_ G 3- PI 
64 20 9288.550 PI 

64 50 9290.649} 9290.8 123423.36 - 134183.7 3s-1f- 3s5g 3F"_ G 4- PI 
64 40 9290.747 PI 
56 30 9331.546 9331.7 123470.5 - 134 18~.7 &41- &5g Ip_ G 3- PI 
56 20 9331.979 PI } 
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AI II - Continued 

Mult. ReI. Wavenumber (ern-I) Levels (ern-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

6 60 9921.57 9921.51 95549.42 - 105470.93 3s3d- 3s4p 3D_ 3p 2- 3 PI 

6 10 9920.55} 9920.42 95550.51 - 105470.93 3s3d- 3s4p 3D_ 3p 2- 2 PI 

6 5 9920.35 PI 

6 40 9891.23 9890.99 95550.51 - 105441.50 3s3d- 3s4p 3D_ 3p 2- 1 PI 

6 5 9890.43} 9890.06 95551.44 - 105441.50 3s3d- 3s4p 3D ... 3p 1- 1 PI 

6 2 9890.08 PI 

6 5 9876.28 9876.08 95551.44 - 105427;52 3s3d- 3s4p 3D_ 3p 1- 0 PI 

16 8887.641 8887.65 124794.13 - 133681.78 3s4d- 3s51 ID_ IF' 2- 3 Bl 
2 8703.98 8704.0 134183.7 - 142887.7 3s5g- 3s7h 0- HO Bl 

41 8047.353 8047.353 125 869.015 - 133916.368 3s5p- 3s5d lpe'_ ID 1- 2 Bl 
36 7120.021} 7119.81 125703.140 - 132822.95 3s5p- 3s5d 3pe' _ 3D 0- 1 Bl 
36 7119.710 Bl 
14 7119.514 Bl 

35 7114.318\ {7114.12 125 708.828 - 132822.95 3s5p- 3s5d '3pe'_ 3D 1- 1 Bl 
110 7114.185 7113.97 125 708.828 - 132822.80 3s5p-3s5d 3pe'_ 3D 1- 2 Bl 
15 7114.066 Bl 
16 7113.966 Bl 
62 7113.877 Bl 

6 
1101$82\ C10

1.
25 125 721.703 - 132822.95 3s5p- 3s5d 3pe' _ 3D 2- 1 Bl 

30 7101.386 7101.19 125 721.703 - 132822.89 3s5p- 3s5d 3pe' _ 3D 2- 3 Bl 
56 7101.268 7101.10 125721.703 - 132822.80 3s5p- 3s5d 3pe' _ 3D 2- 2 Bl 

182 7101.192 Bl 
85 7101.105 Bl 

35 6909.6'18 6909.618 125 869.015 - 132778.633 3s5p- 3s6s lpe'_ IS 1- 0 Bl 
18 6512.580} 6512.377 125 703.140 - 132215.517 3s5p- 3s6s 3pe'_ 3S 0- 1 Bl 
15 6512.294 Bl 
11 

:::~~} 
Bl 

23 6506.689 125708.828 - 132215.517 3s5p- 3s6s ape' _ 3S 1- 1 Bl 
52 6506.780 Bl 
2 6506.648 Bl 

10 6506.564 Bl 
22 6506.491 Bl 
21 6506.440 Bl 

4 6494.145 6493.814 125721.703 - 132215.517 3s5p- 3s6s 3pe' _ 3S 2- 1 Bl 
22. 6494.003 Bl 
10' 6493.954 BI 
85 6493.820 Bl 
24 6493.743 81 
40 6493.711 Bl 
14 6493.644 Bl 

2 6153.709 6153.4 133437.71 - 139591.1 3s5!- 3s60 3?_ 3G 2- a R1 

2 6153.517 Bl 
3 6153.411 Bl 
3 6153.332 Bl 
3 6153.286 81 
9 6153.119 Bl 
5 6153.036 Bl 
2 6152.981 Bl 

19 6148.269\ 6148.0 133443.08 - 139591.1 3s51- 3s6g 3F'_ 30 3- Bl 
4 6147.848 BI 
5 6147.814 BI 
7 6147.774 Bl 
8 6147.731 Bl 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

A1 II - Continued 

Mult. ReI. Wavenumber (em-I) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

3 6141.385 6141.0 133450.07 - 139591.1 3s51- 3s6g 3F"_ 3G 4- Bl 
4 6141.325 Bl 
4 6141.280 Bl 
5 6141.243 Bl 
8 6141.204 Bl 

17 6141.114 Bl 
5 6141.049 Bl 
5 6140.989 Bl 
5 6140.909 Bl 
4 6140.805 Bl 
2 6140.678 Bl 

15 5909.536} 5909.3 133681.78 - 139591.1 3s5f- 3sBa IF"_ IG 3- 4 Bl 
8 5909.01 Bl 
9 5739.366 5738.9 132822.89 - 138561.8 3s5d- 3stV' 3D_ 3F" 3- 4 Bl 
3 5739.045 Bl 

85 5738.940 Bl 
6 5738.856 Bl 

17 5738.794 Bl 
3 5738.731 Bl 
6 5738.682 Bl 
2 5738.582 B1 

8 5716.221) {5716.1 132822.80 - 138538.9 3s5d- 3s6! 3D_ 3F" 2- 3 Bl 
6 fi7HtOR2 5716.0 132822.89 - 138538.9 3s5d- 3sQf 3D_ 3fO 3- 3 Bl 

7 5715.976 Bl 
6 5715.797 Bl 
5 5715.744 Bl 

5 5698.600 r698
.
6 132822.80 - 138521.4 3s5d- 3s6! 3D_ 3F" 2- 2 B1 

2 5698.551 5698.5 132822.89 - 138521.4 3s5d- 3s6! 3D_ 3F" 3- 2 Bl 
4 5698.484 5698.4 132822.95 138521.4 3s5d- 3s6! 3D_ 3F" 1- 2 Bl 
4 5698.406 Bl 
4 5698.280 Bl 
4 5698.242 Bl 
3 5698.195 Bl 
2 5698.120 Bl 

631 5628.964 5628.784 120092.919 - 125721.703 3s5s- 3s5p 38_ 3po 1- 2 Bl 
1778 5628.890 Bl 
1072 5628.862 Bl 
3715 5628.770 Bl 
437 5628.646 Bl 

1000 5628.590 Bl 
178 5628.448 Bl 

1072 
WIG.16] 

5615.909 120 092.919 - 125708.828 3s5s- 3s5p ss- 3po 1- 1 Bl 
1148 5616.110 B1 
447 6616.043 Bl 
105 5615.953 Bl 

2188 5615.812 Bl 
1072 5615.651 Bl 

562 . 5610.522} 5610.221 120092.919 - 125703.140 3s5s- 3s5p 38_ 3po 1- 0 Bl 
832 5610.307 Bl 

1000 5610.006 Bl 
126 5461.411 5461.4 134 183.7 - 139645.1 3s5g- 3s6h G- HO Bl 

2 5401.16 5401.1 139591.1 - 144992.2 3s6g- 3s8h G-W' Bl 

18 5328.975 5328.975 133916.368 - 139245.343 3s5d- 3s6! ID_ IF" 2- 3 Bl 
347 4502.290 4502.290 121 366.725 - 125869.015 as f)s - as 5'p IS _ If" 0- 1 Bl 

5 4369.802 4369.75 134919.40 - 139289.15 3s6p- 3s6d lpo_ ID 1- 2 Bl 
3 4342.218} 4342.103 121 366.725 - 125708.828 3s5s- 3s5p 18 _ 3po 0- 1 Bl 
3 4342.061 Bl 
2 4341.935 Bl 



AI II - Continued 

Mult. ReI. Wavenumber (em-1) Levels (em-1) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

4 4238.571 r23S.20 121483.50 - 125721.703 3s4d-3s5p 30_ 3po 3- 2 Bt 
66 4238.448 4237.78 121 483.92 - 125721.703 3s4d-3s5p 30_ 3pe' 2- 2 Bt 

145 4238.389 4237.451 121 484.252 - 125721.703 3s4d-3s5p 30_ 3po 1- 2 Bl 
195 4238.325 Bl 

1820 4238.261 Bl 
23 4238.114 Bl 

302 4237.956 Bl 
170 4237.933 Bl 
107 4237.817 Bt 
95 4237.723 Bl 
95 4237.723 Bl 
19 4237.663 Bl 
18 4237.540 Bl 
31 . 4237.440 Bt 
11 4237.238 Bl 
2 4237.135 Bl 

12 4225.610 {4224.91 12148a.92 - 1257mU$28 as4d-as5p 31) _ 3pu 2- I HI 
15 4225.530 4224.576 121 484.252 - 125708.828 3s4d- 3s5p 30_ 3pe' 1- 1 Bl 
66 4225.485 Bl 
48 4225.453 BI 
II 4220.400 Bl 
20 4225.148 Bl 

1023 4224.994 Bl 
407 4224.901 Bl 
a24 4224.709 Bl 
126 4224.659 Bl 
91 4224.501 Bl 

145 4224.441 Bl 
31 4224.378 Bl 
15 4224.317 Bl 

120 4219.349} 4218.888 121 484.252 - 125703.140 3s4d-3s5p 30_ 3po 1- 0 Bl 
309 4218.957 Bl 
263 4218.856 Bl 
191 4218.796 Bl 

1 3881.238 3881.20 134919.40 - 138800.60 3s6p- 3s7s lpo _ 18 1- 0 Bl 

2 
3799.

5131 3799.17 135015.701 - 138814.87 3s6p- 3s6d 3pe>_ 30 1- Bl 
1 3799.463 Bl 
1 3799.403 Bl 
5 3799.206 Bl 
2 3799.063 Bl 

2 3793.142} {3792.99 135 022.127 - 138815.12 3s6p- 3s6d 3pe> _ 30 2- 3 BI 
2 3793.077 3792.74 135 022.127 - 138814.87 3s6p- 3s6d 3pe> _ 30 2- 2 Bl 
7 3793.009 Bl 
3 3792.848 Bl 
5 3484.329 3484.19 . 135015.701 - 138499.89 3s6p.- 3s7s 3pe> _ 38 1- 1 Bl 

13 3477.788 3477.76 135 022.127 - 138499.89 3s6p- 3s7s 3pe> _ 3S 2- 1 Bl 
16 3296.619 3~96.6 139591.1 - 142887.7 3s6g- 3s7h G- HO Bl 
58 3253.231 3253.2 139645.1 - 142898.3 3s6h- 3s7i HO- I Bl 
13 3169.285 3169.27 . 106920.56 - 110089.83 3s4p- 3s3d lpe>_ 10 1- 2 Bl 
17 2806.781 2806.610 132215.517 - 135022.127 3s6s- 3s6p 38_ 3pe' 1- 2 Bl 
41 2806.715 Bl 
23 2806.679 Bl 
66 2806.601 Bl 
35 2806.573 Bl 
13 2806.469 Bl 
26 2806.421 Bl 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI II - Continued 

Mult. ReI. Wavenumber (em-1) Levels (em-l) Configurations Tenns J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

23 2~.«7) 2800.184 132215.517 - 135015.701 3s6s- 3s6p 38 _ 3pa 1- 1 Bl 
33 2800.3G3 Bl 

25 2800.138 Bl 

40 2800.062 Bl 
27 2799.946 Bl 

15 2797.061 } 2796.768 132215.517 - 135012.285 3s6s- 3s6p 38_ 3po 1- 0 Bl 

19 2796.850 Bl 

22 2796.559 Bl 
20 2199.351) fl99.33 132822.80 - 135022.127 3s5d-3s6p 3D_ 3pa 2- 2 Bl 
30 2199.321 2199.24 132822.89 - 135022.127 3s5d-3s6p 3D_ 3po 3- 2 Bl 
21 2199.276 2199.18 132822.95 - 135022.127 3s5d-3s6p 3D_ 3po 1- 2 Bl 
52 2199.233 Bl 
25 2199.156 Bl 

16 2193.359 {2192.90 132822.80 - 135015.701 3s5d-3s6p 3D_ 3po 2- 1 BI 

19 2193.019 2192.75 132822.95 - 135015.701 3s5d-3s6p 3D_ 3po 1- 1 Bl 
18 2192.962 Dl 

13 2192.823 Bl 
23 2192.725 Bl 
23 2192.618 Bl 
20 2192.655 D1 

16 2192.501 Bl 

26 2140.736} 2140.77 132778.633 - 134919.40 3s6s- 3s6p 18_ .po 0- 1 Bl 
25 2140.713 132778.633 - 134919.40 3s6s- 3s6p .8_ Ipo 0- 1 Bl 

117 1939.857) 1939.86 121483.50 - 123423.36 3s4d- 3s4f 3D_ 3F" 3- 4 Bl 
43 1939.812 Bl 

162 1939.787 Bl 
29 1939.747 Bl 
23 1939.666 Bl 

17 1937.157 {1936.95 121 483.50 - 123420.45 3s4d- 3s4/' 3D_ 3F" 3- 3 Bl 
21 1937.126 1996.59 121 183.92 - 123120.15 9s1d 9s'\{ 3D- 3F' 2- 3 B1 

25 1937.066 Bl 
27 1936.961 Bl 
17 1936.775 Bl 
76 1936.608 D1 
76 1936.591 Bl 
81 1936.469 Bl 
25 1936.215 Bl 

1934.98 121 483.50 - 123418.48 3s4d- 3s4f 3D_ 3F" 3- 2 

18 1934.695 . {1934.56 121 483.92 - 123418.48 3s4d- 3s4f 3D_ 3F" 2- 2 Bl 
28 1934.592 1934.23 121 484.252 - 123418.48 3s4d- 3s4/' 3D_ 3F" 1- 2 Bl 
45 1934.457 BI 
28 1934.223 Bl 
66 1934.177 Bl 
22 1034.110 Bl 
54 1934.067 Bl 
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Aim 

Na I isoelectronic sequence 

Ionization energy 229 445.7 ± 0.2 cm -I (28.447 65 ± 0.000 08 e V) 

The four-place calculated wavelengths in the region 
486 -1936 A have estimated errors from 0.0006 A at the 
shortest wavelengths to about 0.003 A at 2000 A [Il]. We 
have included calculated wavelengths for all lines tabu
hlted by Isberg, even though many of these lines in the 
region below 3000 A have not yet been observed. The cal
culated wavelengths above 2000 A are based on Isberg's 
measurements having estimated errors of about 0.010 A 
for the three-place values and 0.03 A for the two-place 
values. 

Transitions involving levels based on 2p excitation have 
been observed below 200 A both in emission [F1] and ab
sorption [B5, B6]. P~mliIlg furth~r r~:s~an;h am} cumpila
tion of the excited-core levels, we have included here only 
the stronger and/or more certainly classified of these 
lines; additional wavelengths are given in the references 
[F1, B5, B6]. The tabulated lines below 200 A are classi
fied by upper levels of the excited-core configurations 
2p53s 2, 2p53p2, 2ps3s3d, and 2ps3s3p. We also include 
longer-wavelength lines (in the 1192-1596 A range) 
classified as transitions within the excited-core system; 
these are quartet-system transitions of the 

2pS3s3p - 2p S3p 2, 3s3d arrays [G1]. The uncertainties of 
these longer-wavelength measurements, ± 0.08 to 
±0.15 A, correspond to uncertainties of ± 10 cm- I or 
less in the relative positions of the ten quartet levels in
volved [G1]. We ftxed the position of this ten-level group 
relative to the 2p6nl single-electron system by using the 
unblended 2p 63p 2P~J2 - 2ps3s3p 4Ds{2, 4PsJ2lines from [F1]. 
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AIm 

Mult. ReI. Vac. Wavelength (A) Levels (cm-l) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

g,a 137.46 137.46 0.00 - 727500 2p63s- 2p5eP")3s3dcaO) 28 _ 2p" 112-112 B5 
g,a 137.83 137.83 0.00 - 725530 2p63s - 2p5eP")3s3dcaD) 28_ 2po 1/2- % B5 
g,a 138.10 138.11 0.00 - 724080 2p63s- 2p5fp")3s3deO) 28_ 20° %-% B5 
g,a 138.83 138.83 0.00 - 720300 2p 63s_ 2p 5(lr)3s3d(lD) 28_ 4D" 112_ % B5 
g,a 143.95 143.95 0.00 - 694700 2p63s- 2p5eP")3p 2eO) 28_ 2po 1/2- % B5 

g,a 144.17 144.17 0.00 - 693650 2p63s- 2p 5fp")3p2('0) 28_ 2p" 112_ J12 B5 
9g 169.07 169.07 0.00 - 591 470 2p 83s_ 2p 63s1l 2S _ 2p" 112- 112 1"1 
6 169.73 169.75 53682.93 - 642800 2p s3p - 2p 5eP")3s 3p eP") 2po _ 2p 112-% B6 
7 169.82 169.81 53916.60 - 642800 2p s3p - 2p 5fPj3s 3p caPO) 2po_ 2p %-% B6 

109,bl 170.11 {170.0 53682.93 - 642000 2p 63p - 2p 5fP")3s 3p caP") 2po _ 2p 1/2 _ 1/2 B6 
170.11 0.00 - 587850 2p 63s- 2p G3s 2 zs_ zpu 112-% 

8 170.24 170.25 53916.60 -641 300 2p s3p - 2p 5fPj3s3p caP") 2p" _ 20 %-% Fl,B6 
7 170.49 170.50 53682.93 - 640200 2p 63p - 2p 5fP")3s 3p eP") 2P" _ 20 112-%. B6 
6 170.57 170.57 53916.60 - 640200 2p s3p - 2p 5fP")3s 3p caP") 2p" _ 20 %-% B6 
2 171.04 171.05 53682.93 - 638300 2p s3p - 2p 5fP")3s 3p caPO) 2P" _ 4p 1/2-% B6 
3 171.12 171.12 53916.60 - 638300 2p s3p - 2p 5fP")3s 3p ePO) 2P" _ 4p %-% B6 

6 171.37 171.37 53916.60 - 637451 2p 63p - 2p 5fPj3s 3p caPO) 2po _ 4p %-% F1 
2 172.1 {172.05 53682.93 - 634900 2p 63p - 2p 5fPO)3s 3p eP") 2po _ 40 1/2- 1/2 Fl 

172.12 53916.60 - 634900 2p 63p - 2p 5fpo)3s 3p caP") 2po _ 40 %_112 
2 172.31 172.31 53682.93 - 634039 2p 63p - 2p 5fpo)3s 3p caPO) 2po _ 4D llz- % F1 
2 172.45 172.38 53916.60 - 634039 2p 63p - 2p 5fP")3s 3p caP") 2po_ 4D %-% B6 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI III - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (cm-1) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

7 172.62 172.62 53916.60 - 633220 2p 63p - 2p 5(2po)3s3prpo) 2po _ .cD %-% Fl 
6 175.02 {174.95 53682.93 - 625260 2p63p - 2p 5fP")3s3p(lP") 2p«>_ "8 112_ 312 Fl 

175.03 53916.60 - 625260 2p 63p - 2p5fPJ3s3prPJ 2p«>_ "8 %-% 
70g 486.95 { 486.8839 0.00 - 205387.77 3s-7p 28_ 2po 1/2- 3Jz E2 

486.9124 0.00 - 205375.74 3s-111 28_ 2p«> %._1/2 

250g 511.216 {51l.1384 0.00 - 195641.74 3s-6p 28_ 2P' %-% E2 
511.1907 0.00 - 195621.72 3s-6p 28 _ 2po 112- 112 

UV9 5000 560.~90 {fiIl0'::1173 0.00 - 17R 470.32 3s-5p 2S_ 2po 1/2 _ % E2 
IN3 560.4331 0.00 - 178433.43 3s-5p 28 _ 2po 1/2- 112 

644.3339 53682.93 - 208881.83 3p-7d 2P'_ 2D 1/2-% 

645.3063 53916.60 - 208881.83 3p-7d 2po_ 2D %-
100 670.144 670.0676 53682.93 - 202921.60 3p-7s 2po_ 28 1/'1.- 1/2 E2 
200 671.198 671.1184 53916.60 - 202921.60 3p-7s 2p'_ 28 %-% E2 

677.0819 53682.93 - 201315.56 3p-6d 2po_ 2D liz...;. 3/z 
678.1548 53916.60 - 201375.56 3p-6d 2po_ 2D %.-% 

678.1564 53916.60 - 201 375.20 3p-6d 2P'_ 2D %-% 
UV2 500g 695.817 695.8289 0.00 - 143713.50 3s-4p 28_ 2P' 1/2-% E2 
IN2 4000 696.212 696.2170 0.00 - 143633.38 3s-4p 28 _ 2po 1/

2
_ % E2 

200 725.716 725.6826 53682.93 - 191 484.23 3p-6s 2p'_ 28 %.-% E2 
300 726.948 726.9152 53916.60 - 191 484.23 3p-6s 2po_ 28 %-% E2 

739.6707 53682.93 - 188878.22 3»- 5d 2P'_ 2D 1/
2

_ % 
740.9514 53916.60 188878.22 3p-5d 2po_ 2D %-% 
740.9550 53916.60 - 188877.57 3p-5d 2po_ 2D %-% 

400 855.040 855.0340 63682.93 - 170637.35 3p-5s 2po_ zs 112- % E2 
500 856.768 856.7457 53916.60 - 170637.35 3p-5s 2po_ 28 %-1/2 E2 

Ig,E2 862.382 862.3775 0.00 - 115958.50 as-3d 28_ 2D 1/2-% G4 
400 892.056 892.0242 53682.93 - 165787.51 3p-4d 2po_ 2D %-% E2 
450 893.905 {893.8874 53916.60 - 165787.51 3p-4d 2p«>_ 2D %-% E2 

893.8969 53916.60 - 165 786.32 3p-4d 2P'_ 2D %-% 
1071.730 115956.21 - 209 263.25 3d-7f 2D_ 2F" %-

1071.757 115958.50 - 209263.25 3d-7f 2D_ 2F" 3/
2

_ 5/
2 

1118.173 115956.21 - 205387.77 3d-7p 2D_ 2P' %-% 
1118.202 115958.50 - 205387.77 3d-7p 2D_ 2po 312- 3/a 
1118.353 115958.50 - 205375.74 3d-7p 2D_ 2p' %-I/a 

10 1162.66 { 1162.589 115956.21 - 201971.16 3d-6f 2D _ 2F" %- E2 
1162.620 115958.50 - 201 971.16 3d-6j 2D_ 2F' %-% 

1192.60 1192.61 632453 - 716303 2p 5(2p')3s3pepo) - 2p 5fP)3s3deD) 4D_ "'F' %-% 04 
1254.933 115956.21 - 195641.74 3d-6p 2D_ IIpo %_3/'1. 
1254.969 115958.50 - 195641.74 3d-6p 2D_ 2po %-% 
1255.284 115958.50 - 195621.72 3d-6p 2D _ 2po %.-11'1. 
1262.248 126164.05 - 205387.77 4s-7p zs- 2po %-% 

1262.440 126164.05 - 205375.74 4s-7p 28_ 2po %-1/2 
1274.05 1274.05 637451 - 715941 2p5fpo)3s3pcaPO) - 2p5C:P')3s3d(lD) 4p _ "po %-% 04 
1336.05 1336.06 625260 - 700 107 2p 5(2po)3s 3p caP') - 2p 5fP')3p 2ep) 48_ "po %-% G4 

100 1352.857 { 1352.810 115956.21 - 189876.42 3d-Qf 20_ 2J<"'O %_7/11 R2 
1352.816 115956.21 - 189876.10 3d-5f 2D_ 2? %-% 
1352.858 115958.50 - 189876.10 3d-51 2D_ II? %-% 

600 1379.670 1379.670 53682.93 - 126 164.05 3p-4.~ 2po_ 2S 1/11_ JIll E2 
800 1384.140 1384.132 53916.60 - 126164.05 3p-4s 2po_ 28 %-1/2 B2 

1386.94 1386.94 633220 - 705321 2p 5(2po)3s 3p (3po) - 2p 5C:PJ3p2ep) 4D_ "DO %-% 04 
1387.93 1387.93 632453 - 104503 2psfpo)3s3pcapo) - 2p5fpo)3p2(1p) 4D_ 4Do %-% 04 
1402.87 { 1402.86 633220 - 704503 2p 5CZpo)3s 3p caPO) - 2p 5fPJ3p 2fp) 4D_ "'DO %-% G4 

1402.88 634039 - 705321 2p SfP")3s 3p(3po) - 2p s(2PJ3p2rp) 4D_ 4Do %-% 



AI III - Continued 

ult. ReI. Vac. Wavelength (A.) Levels (em-I) Configurations Terms J Ref. 

fo. Int. Observed Calculated Lower Upper Values 

1439.311 126164.05 - 195641.74 4s-6p 28_ 2po J/z-% 
1439.726 126164.05 - 195621.72 4s-6p 28_ Zpo liz - liz 

1473.40 1473.40 637451 - 705321 2p 5(2P")3s 3p (3P") - 2p 5~po)3p zcaP) "P- "D° %-% G4 
1478.10 1478.11 632453 - 700 107 2p 5(2Pj3s 3p caPO) - 2p 5(2po)3pZ{3P) "0_ "po %-% G4 
1491.45 1491.38 637451 - 704503 2p 5(2po)3s 3p caPO) - 2p 5~po)3pzcaP) 4p_ 400 5Jz- 71z G4 

1532.604 143633.38 - 208881.83 4p-7d 2po_ 2D %-% 
1534.488 143713.50 - 208881.83 4p-7d 2po_ 20 %-

1596.00 1596.02 637451 - 700 101 2psCZn3s3peP") - 2p5CZP")3p Zep) "P- "PO %-% G4 
1599.639 ll5950.21 - 178470.32 Od-5p 2D_ 2p" '£./2 - ~'lz 

1599.697 115958.50 - 178470.32 3d-5p 20_ 2po %-% 

1600.642 115958.50 - 178433.43 3d-5p 20 _ 2po %-% 
700 1605.7661 1605.7661 53682.93 - 115958.50 3p-3d 2po_ 2D IIz-% 11 

100 1611.8141 1611.8140 53916.60 - 115958.50 3p-3d Zpo _ 20 %-% 11 
800 1611.8735 1611.8734 53916.60 - 115956.21 3p-3d 2po _ 20 %-% 11 

1686.676 143633.38 - 202921.60 4p-7s zp"_ Zs %- J/2 

1688.958 143713.50 - 202921.60 4p-7s zpo _ z8 %-112 
1731.836 143633.38 - 201375.56 4p-6d 2po_ 20 112- % 
1734.243 143713.50 - 201375.56 4p-6d 2po_ Zo %-% 
1734.253 143713.50 - 201375.20 4p-Od, 2p"_ 2D !~'12- '% 

IV 1 1000g 1854.7164 1854.7163 0.00 - 53916.60 3s-3p 28_ 2po 112-% I1 

1 600g 1862.7895 1862.7896 0.00 - 53682.93 3s-3p 28_ 2po %- '/z II 
1911.817 1201M.OIi - 178470.32 4~-5p 

23 _ 2p" 1/2-% 
N 

1913.166 126164.05 - 178433.43 4s-5p 28 _ 2po liz - liz 
300 1935.8404 { 1935.8401 115956.21 - 167613.37 3d-4f 20_ Zp> %-1Jz 11 

1935.8633 115956.21 - 167612.75 3d-4f 20_ zp> %-% 

200 1935.9489 1935.9491 115958.50 - 167612.75 3d-4f 20_ zF' %-% 11 

Air Wavelength (A) 

2013.959 167612.75 - 217250.17 4f-9g zF'_ 2G %- 71z 
2013.984 167613.37 - 217250.17 4f-9g 2F'_ 2G %-
2073.633 165786.32 - 213995.48 4d-8f 20_ 21"" %-
2073.684 165787.51 - 213995.48 4d-8f 20_ 2p> %-% 

2089.163 143633.38 - 191 484.23 4p-6s 2po_ 28 l/Z - 1/2 
2092.667 143713.50 - 191 484.23 4p-6s 2po_ 28 %-112 

1 2154.635 { 2154.613 167612.75 - 214010.22 4f-8g 2F'_ 2G %.-% P2 
2154.641 167613.37 - 214010.22 tlf-Bg 21""_ 2G 7/2-

2167.356 167612.75 - 213737.44 4f-8d zF'_ 2D %-
" 

2167.385 167613.37 - 213737.44 4f-8d ZF'_ 20 7/z- % 
Id 2209.66 2209.508 143633.38 - 188878.22 4p-5d 2po_ 20 JIz- % P2 
2d, 2213.56 { 2213.428 143713.50 - 188878.22 4p-5d 2po _ 20 %-% P2 

2213.460 143713.50 - 188 877.57 4p-5d 2po_ zD %- 1''/2 

3d 2299.47 { 2299.362 165786.32 - 209263.25 4d-7f 20_ 2F' %- P2 
2299.425 165787.51 - 209263.25 4d-7f 20_ 2F' %-% 

5d 2398.98 { 2398.975 167612.75 - 209284.53 4f-7g 21""_ 2G %.- 7/2 P2 
2399.011 167613.37 209284.53 4f-7g 2F'_ zG %-

·1 2422.44 { 2422.386 167612.75 - 208881.83 4f-7d 21""_ 20 %- P2 
2422.422 167 Al!1.!l7 - 20R RR1.R!l 4/-7d 2:F"l_ 20 7Jo-% 
2524.401 165786.32 - 205387.77 4d-7p 2D_ 2po %-% 

2524.477 165787.51 - 205387.77 4d-7p 2D_ 2po %-% 
2525.244 165787.51 - 205375.74 4d-7p 20 _ 2po %-1/2 

9d 2762.815 { 2762.772 165786.32 - 201 971.16 4d-6f 20_ Z1"" %- P2 
2762.863 165787.51 - 201 971.16 4d-6f 2D_ 2F' %-% 
2831.706 178433.43 - 213737.44 5p-8d 2po _ 20 1/2- % 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 801 

AI III - Continued 

Mult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

2834.668 178470.32 - 213737.44 5p-Bd 2po_ 2D %-
2876.819 170637.35 - 205387.77 5s-7p 28_ 2po l/Z-% 
2877.815 170637.35 - 205375.74 5s-7p 28_ 2po 112-% 

10 ~9U7.05 { 2906.900 167612.75 - 202003.58 'V-6g 1lF"_ aa Gtz_ % P2 

2906.953 167613.37 - 202003.58 4f-6g 2F'_ 2G %-

2 2961.06 { 2960.974 167612.75 - 201375.56 4f-6d 2?_ zD %-% P2 
2961.060 167613.31 - 201315.20 'V-6d 1lF"_ aD %- Gtz 

3d 3180.111 3180.100 178433.43 209 869.89 5p-Ss 2po_ Z8 1/2- l/Z II 

4d 3183.824 3183.836 178470.32 - 209869.89 5p-Ss 2po_ 28 %_llz II 
10 2d 3283.316 3283.299 178433.43 - 208881.83 5p-7d 2po_ 2D 1/2- % II 

10 3d 3287;302 3287.282 178470.32 - 208881.83 Sp-7d 2p"_ 2D '%-% 11 
9 3348.517 3348.513 165786.32 - 195641.74 4d-6p 2D_ 21'" %-% 11 
8 3350.885 3350.894 165787.51 - 195621.72 4d-6p 2D_ zpo %- lIz 11 

3524.869 188877.57 - 217239.31 5d-9f 2D_ 21"" %-% 
3524.950 188878.22 - 217239.31 5d-9f 2D_ 2F' %-% 

1 14 3601.628 3601.630 115956.21 - 143713.50 3d-4p zD_ 2po 51z - 31z 11 
1 11 3601.926 3601.927 115958.50 - 143713.50 3a-4p DD_Dr %-% II 

1 13 3612.356 3612.355 115958.50 - 143633.38 3d-4p 2D_ 2po 312- 1/2 11 
3652.052 189876.10 - 217250.17 5f-9g 2?_ 2G %-1Jz 
3652.094 189876.42 - 217250.17 5f-9g 2?_ 2G 71z- % 

20 Id 3658.3 { 3658.790 189928.49 - 217252.15 5g-9h 2G_ 2Ho 712.- 912 P2 
20 3658.815 189928.68 - 217252.15 5g-9h 2G_ 2Ho %- 11/Z 

3660.510 189928.49 - 217239.31 5g-9f zG_ 2? 71z - 5/a 
3660.535 189928.68 - 217239.31 5g-9f 2G_ Z? %.-1Jz 

4 10 3702.106 3702.106 143633.38 - 170637.35 4p-5s 2po_ 28 1/'1. - 1fz 11 

4 11 3713.123 3713.123 143 713.50 - 170637.35 4p-5s 2po_ 28 %-% 11 
12 5d 3980.14 { 3980.097 188877.57 - 213995.48 5d-8f 2D_ 2? %-% 11 
12 3980.200 188878.22 - 213995.48 5d-8f 2D_ 2? %-% 

2 3998.164 3998.167 170637.35 - 195641.74 5s-6p 28_ 2po %-% 11 
1 4001.376 4001.371 170637.35 - 195621.72 5s-6p 28_ 2po %-% II 

5 4082.450 4082.452 178433.43 - 202921.60 5p-7s 2po_ 28 %- l/Z II 
6 4088.611 4088.611 178470.32 - 202921.60 5p-7s 2po_ 28 %-1/2 II 

16 5d 4142.31 { 4142.343 189816.10 - 214010.22 5f-Sg 2?_ zG %-% II 
10 4142.398 189870.42 - 214010.22 5f-8y 2F'_ 20 %- °12. 
5 12 4149.915 4149.913 165 186.32 - 189876.42 4d-5f 2D_ 2? %-% II 

5 12 4150.173 4150.173 165 181.51 - 189876.10 4d-5f zD_ 2? %-% II 
bl 4150.91 { 4150.888 189928.49 - 214012.93 5g-8h 2G_ ZHo 7/2- % II 

4150.920 189928.68 - 214012.93 5g-8h 2G_ 2Ho %-
4153.897 189928.49 - 213995.48 5g-8f 2G_ 2? 7/2- 5/2 
4153.930 189928.68 - 213995.48 5g-8f 2G_ 2? %-% 

15 bl 4189.73 { 4189.70 189876.10 - 213737.44 5f-Bd 2?_ 2D %- 11 
15 4189.75 189876.42 - 213737.44 5f-8d 2?_ 2D 7/2 - % 
9 4d 4357.562 4357.568 178433.43 - 201375.56 5p-'6d 2po_ 2D 1/2-% 11 
9 5d 4364.642 4364.655 178470.32 - 201 375.20 15p-6d 9p-_ 2D 91z- Gh 11 

8 12 4479.892 4479.885 167612.75 - 189928.49 4f-5g 2?_ 2G %-% II 

8 12 4479.968 4479.971 167613.37 - 189928.68 4f-5g 2?_ 2G %-% 11 
3 13 41512.564 4512.565 143633.38 - 165 781.51 4p-4d 2p" _ aD Jf2- °f2 11 
3 11 4528.942 4528.944 143713.50 - 165787.51 4p-4d 2po_ 2D %-% II 
3 14 4529.194 4529.188 143713.50 - 165786.32 4p-4d 2po_ 2D 3/2- 5/? 11 
6 5 4701.148 4701.144 167612.75 - 188878.22 4f-5d 2?_ 2D %-% 11 

6 6 4701.412 4701.424 167613.37 - 188877.57 4f-5d 2?_ 2D %-% 11 
11 5d 4904.10 { 4904.03 188877.57 - 209 263.25 5d-7f 2D_ 2? %-% 11 
11 4904.19 188 878.22 - 209 263.25 5d-7f 2D_ 2? %-% 
14 5d 5151.01 { 5150.97 189816.10 - 209284.53 51-70 Z?_ ZG %-1Jz It 
14 5151.05 189876.42 - 209284.53 5f-1 2p>_ 2G %-%, g 



AI III - Continued 

1ult. ReI. Air Wavelength (A) Levels (em-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

19 5d 5163.89 { 5163.86 189928.49 - 209288.46 5g-7h 2G_ 2Ho %-% 11 

19 5163.91 189928.68 - 209288.46 5g-7h 2G_ 2Ho %- 1112 
18 Id 5170.60 5170.59 189928.49 - 209 263.25 5g-7f 2Q_ 2F' Il 

13 3d 5260.11 5260.11 189876.10 - 208881.83 5f-1d 2F'_ 2D 11 
2 11 5696.603 5696.604 126164.05 - 143113.50 4s-4p 28_ 2po 1/2- % 11 

2 16 5722.728 5722.130 126164.05 - 143633.38 4s-4p 28_ 2po %- liz 11 
5 6055.21 6055.19 188877.57 - 205381.77 5d-7p 2D_ 2po %-% 11 
4 6059.84 6059.84 188 878.22 - 205375.74 5d-1p 2D_ 2po %-1/2 II 

2d 6301.85 {6301.19 201315.20 - 217239.31 6d-9f 2D_ 2F' %- 71z 11 
6301.94 201315.56 - 217239.31 6d-9f 2D_ 2F' %-% 

2d 6543.12 6543.12 201 911.16 - 217250.17 6f-9g 2F'_ 2Q I1 
2d 6556.18 6556.18 202003.58 - 217252.15 6g-9h 2G_ 2W II 
7d 7635.37 { 7635.22 188871.51 - 201 971.16 5d-6f 2D_ 2F' %-7Jz 11 

7635.60 188878.22 - 201 971.16 5d-6f 2D_ 2F' %-% 
6 7660.259 7660.257 178433.43 - 191484.23 5p-6s 2po_ 28 lJz - liz II 

7 7681.971 7681.971 178470.32 - 191 484.23 5p-6s 2po_ 2g %-112 11 
9 7881.790 7881.780 165786.32 - 178470.32 4d-5p 2D_ 21'" %-% 11 
6 7882.516 7882.520 165787.51 - 178470.32 4d-5p 2D_ 2po %-% 11 
8 7905.513 7905.514 165787.51 - 178433.43 4d-5p 2D_ 2po %-112 11 
2d 7921.66 { 7921.57 201375.20 - 213995.48 6d-8f 2D_ 21"" %- 7/2 11 

7921.80 201375.56 - 213995.48 6d-8f 2D_ 21"" %-% 

8d 8243.59 { 8243.47 189876.10 - 202003.58 5f-6g 21""_ 2G %-7Jz 11 
8243.69 189876.42 - 202003.58 5f-6g 21""_ 2G %-% 

9d 8275.11 { 8275.03 189928.49 - 202009.71 5g-6h 2G_ 2Ho %-% 11 
8275.16 189928.68 - 202009.71 5g-6h 2G_ 2Ho %- 11/2 

3d 8301.62 8301.65 189928.68 - 201 971.16 5g-6f 2G_ 2F' %-7Jz 11 

2d 8304.02 8304.01 201971.16 - 214010.22 6f-Bg 21""_ 2G 11 
2d 8324.56 8324.56 202003.58 - 214012.93 6g-8h 2G_ 2Ho 11 
4d 8693.98 { 8693.95 189876.10 - 201375.20 5f-6d 2F'_ 2D %-% Il 

8694.19 189876.42 - 201375.20 5f-6d 21""_ 2D %-% 
8 90'/1.1)2 91)'j1.5a 1784aa.4a - 188878.22 5p-5d "PO_liD 1/2- % 11 

9 9605.99 9606.05 178470.32 - 188877.57 5p-5d 2po_ 2D %-% II 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 809 

AI IV 

Ne I isoelectronic sequence 

Ionization energy 967804 ± 15 cm- 1 (119.992 ± 0.002 e V) 

The best measurements of transitions to the ground 
level (A < 162 A) are probably accurate to about 
± 0.004 A [K2]. Two-place experimental wavelengths are 
given for the 476 -766 A region; the calculated wave
lengths in this region should generally be more accurate, 
with errors mainly in the range 0.002 to 0.006 A. Most of 
the wavelengths above 800 A have estimated errors of 
0.005 to 0.01 A [K2, Al]. 

Alrv 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) 

No. Int. Observed Calculated Lower Upper 

g 78.79 78.79 0 - 1269200 
g 80.58 80.58 0 - 1 241 000 
g 84.38 84.38 0 - 1 185 100 
(J 84.48 84.48 0 - 1 183700 
g 95.56 95.56 0 - 1046500 

g 95.68 95.68 0 - 1045200 
Ig,d 104.89 104.89 0 - 953380 
2g,d 105.26 105.26 0 - 950030 
3g 105.35 105.35 0 - 949220 
4g 105.72 105.72 0 - 945900 

3g 106.01 106.01 0 - 943300 

50 106.38 106.38 0 - 940020 
g 106.99 106.99 0 - 934670 
g 107.37 107.37 0 - 931360 

50g 108.526 108.526 0 - 921440 

50g 108.913 108.913 0 - 918 160 
g 109.021 109.022 0 - 917250 

Ig 110.13 110.13 0 - 908020 
2g 110.54 110.54 0 - 904650 

100g 111.196 111.196 0 - 899310 

150g 111.589 111.590 0 - 896140 
50g 111.781 111.781 0 - 894610 
109 114.313 114.317 0 - 874756.8 
50g 114.737 114.743 0 - 871 512.2 

250g 116.464 116.463 0 - 858642.0 

150g 116.921 116.922 0 - 855272.7 
109 117.377 117.370 0 - 852007.5 

400g 124.030 124.033 0 - 806234.9 
300g 124.550 124.547 0 - 802907.5 
700g 129.730 129.729 0 - 770836.9 

g,bl 130.39 130.398 0 - 766880.8 
150g 131.647 131.649 0 - 759596.8 
800g 160.074 160.072 0 - 624717.5 
700g 161.688 161.688 0 618473.0 

5 476.13 476.134 618473.9 - 828498.8 
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Configurations Terms J Ref. 
Values 

2s22p6 - 2sf8)2p66p 18_ lpo 0- 1 K3 
2s22p6_ 2sfS)2p 65p IS_ lpo 0- 1 K3 
2s 22p6_ 2sfS)2p 64p IS _ lpo 0- 1 K3 
2s 22» 6 

- 2s [2S)2» 64» IS_ 3po 0- 1 K3 
2s 22p 6 - °2sfS)2p 63p IS_ lpo 0-1 K3 

2s 22p 6 - 2s fS)2p 63p IS_ 3po 0-1 K3 
2s22p6_ 2s22p5f~J2)10d IS_ 2[%1° 0- 1 Ml 
2s 22p 6 - 2s 22p 5fPO 3fl) 10d IS_ 2[%Jo 0-1 Ml 
2s22p 6 _ 2s 22p 5e~J2)9d IS_ 2[%JO 0- 1 Ml 
2s22p 6 - 2s 22p 5f~J2)9d IS_ 2{3hlO 0- 1 Ml 

2s22p6 - 2s22p5f~J2)8d IS_ 2(%]0 0- 1 Ml 
2s 22p 6 - 2s 22p 5fP03fl)8d JS_ 2(%]0 0- 1 Ml 
2s22p6_ 2s22p5fPiJ2)7d IS_ 2[%]0 0- 1 J2 
2s22p6_ 2s22p 5fP03fl)7d 18_ 2(%1° 0- 1 J2 
2s22p6_ 2s22p5f~,..D6d JS_ 2[%JO 0- 1 J2 

2s 22p 6 - 2s 22p 5fP3fl)6d IS_ 2(%]0 0- 1 J2 
2s 22p 6 - 2s22p 5fP3J2)6d JS_ 2[1/2Jo 0- 1 J2 
2s22p 6 - 2s 22p 5f~J2)6s IS_ 2[1/2]° 0-1 Ml 
2s22p6 - 2s22p5fP03fl)6s JS_ 2[%JO 0- 1 Ml 
2s22p6_ 2s22p5f~fl)5d IS_ 2[%]0 0- 1 J2 

2s22p6_ 2s22p 5fP03fl)5d J8_ 2[%)0 0- 1 J2 
2s 22p 6 - 2s 22p 5fP03tl)5d IS_ 2[1hr 0- 1 J2 
2s22p 6 - 2s 22p 5fPJJ2)5s IS_ 2(1/2)° 0- 1 F2 
2s22p6_ 2s22p5fP3J2)5s IS_ 2[%]0 0- 1 F2 
2s22p6_ 2s22p5f~fl)4d 18_ 2[%JO 0- 1 J2 

2s22p 6 - 2s22p5fP3J2)4d IS_ 2[3h10 0-1 J2 
2s22p 6 - 2s22p 5(2P03l2)1d lS_ 2(1/z]O 0- 1 S3 
2s22p6_ 2s22p5f~J2)4s IS_ 2[%]0 0- 1 K2 
2s22p6_ 2s22p 5fP03fl)4s 18_ 2[%]0 0- 1 K2 
2s 22p 6 - 2s 22p 5fpo)3d IS_ lpo 0- 1 K2 

2s22p 6 - 2s22p5fP")3d IS_ 3Do 0- 1 K2 
2s22p6_ 2s22p 5(lp")3d IS_ apo 0- 1 K2 
2s 22p 6 - 2s 22p 5fpo)3s IS_ Jpo 0- 1 K2 
2s22p6 2c22p5~PO)3s IS. 3po 0- 1 K2 

2s22p 5fP")3s - 2s 22p 5f~J2)4p 3po_ 2[%) 1- 1 Al 



At IV - Continued 

Mult. ReI. Vae. Wavelength (A) Levels (em-I) Configurations Tenns J Ref. 

No. Int. Observed Calculated Lower Upper Values 

20 476.27 476.269 618473.9 - 828439.2 2s22p sfp)3s - 2s22pS(!Pla)4p 3p"_ 2[%} 1- 2 Al 
5 477.60 477.621 618473.9 - 827844.9 2S2~p S(!P")3s - 2s22p S(!Pla)4p 3p"_ 2(%} 1- 1 Al 

10 477.73 477.725 618473.9 - 827799.5 2s22p5fP")3s - 2s22p5fP"3/2)4p 3p"_ 2(%] 1- 0 Al 
30 478.26 478.251 616644.2 - 825739.6 2s22p5fP")3s- 2s22p5fP"3/2)4p 3p"_ 2{%J 2- 2 Al 
5 479.30 479.309 616644.2 - 825277.9 2s22p S(!p)3s - 2s22p5(!P"3/2)4p 3p"_ 2[%] 2- 1 Al 

20 479.76 479.757 620060.1 - 828498.8 2s22p 5fP)3s- 2s22psfP'i/Z)4p 3p"_ 2(lhJ 0- 1 Al 
30 481.01 480.999 616644.2 - 824544.7 2s22p5(!P")3s- 2s22p5(!P3a)4p 3p"_ 2[%J 2- 2 Al 
10 481.29 481.267 620060.1 - 827844.9 2s22p5fP)3s - 2s22p5fPla)4p 3p"_ 2[%} 0- 1 Al 

100 482.08 482.077 616644.2 - 824080.0 2s22p5(!p)3s- 2s22p5fP"3/2)4p 3p"_ 2[%) 2- 3 Al 
10 482.48 482.473 618473.9 - 825739.6 2s22p 5fP)3s - 2s 22p 5fP"3/2)4p 3P"_2[%1 1- 2 Al 

20 483.55 483.550 618473.9 - 825277.9 2s22p5(!P")3s - 2s22p 5(!p"3/2)4p 3p"_ 2[%1 1- 1 Al 
40 485.28 485.270 618473.9 - 824544.7 2s22p SfP")3s - 2s22p sfP"3/2)4p 3p"_ 2[%1 1- 2 Al 

100 488.36 488.365 616644.2 - 821408.9 2s22p5fP")3s - 2s22p5fP"3/2)4p 3p" - 2[1/2) 2- 1 Al 
20 490.73 490.722 624717.5 - 828498.8 2s22p5(!P")3s - 2s22pS(!Pla)4p IP"_ 2[1/21 1- 1 Al 
40 490.88 490.866 624717.5 - 828439.2 2S22p S(!P")3s- 2s22psfPl/Z)4p IP"_ 2[%J 1- 2 Al 

20 492.31 {492.302 624717.5 - 827844.9 2S22p 5fP")3s - 2s22p sfP'ia)4p IP"_ 2[%) 1- 1 Al 
492.309 671 632.5 - 874756.8 2s22psfp)3p - 2s22p5fP'ia)5s 3S_ 2Ph)" 1- 1 

25 492.78 492.769 618473.9 - 821408.9 2s22p 5(2P")3s - 2s22p5(2~/Z)4p 3p"_ 2[%1 1- 1 Al 
10 496.66 496.651 620060.1 - 821408.9 2s22p 5fP")3s- 2s22p5(!P3a)4p 3p"_ 2(1/2J 0- 1 Al 
15 497.47 497.458 624717.5 - 825739.6 2s22p 5fP")3s - 2s22psfP3a)4p IP"_ 2[%) 1- 2 Al 

5 498.61 498.603~ 624717.5 - 825277.9 2s22p5fP")3s - 2s22p5(!P3a)4p Ip"_ 2[%} 1- 1 Al 
30 500.29 500.301 671632.5 - 871 512.2 . 2s22pSfP")3p - 2s22pSfP"aa)5s 3S_ 2[%1" 1- 1 Al 
10 500.42 500.432 624717.5 - 824544.7 2s22psfp)3s - 2s22p5fP3a)4p IP"_ 2[%} 1- 2 Al 
5 501.62 501.607 671 632.5 - 870991.9 2s22p 5fP)3p - 2s22pseP"3/2)5s 3S_ 2[%J" 1- 2 Al 

20 525.95 525.950 680859.8 - 870991.9 2s22p 5CZP")3p - 2s22p 5CZF.Vl)5s 3D_ 2[%]" 3- 2 Al 

5 526.81 526.790 681683.3 - 871 512.2 2s22p SfP")3p - 2s22psCZP3a)5s 3D_ 2[%]" 2- 1 Al 
5 528.26 528.238 681683.3 - 870991.9 2s22p 5fP")3p - 2S22p 5fP3a)5s 3D_ 2[%}0 2- 2 Al 
2 530.42 530.418 682981.8 - 871 512.2 2s22p 5(2P")3p - 2s22p5fP3a)5s 3D_ 2[%1° 1- 1 Al 
I 532.49 532.488 686959.1 - 874756.8 2s22p 5eP")3p - 2s22p sfP'ia)5s Ip_ 2[1/2r' 1- I Al 

15 534.98 534.970 687830.5 - 874756.8 2s 22p SfP")3p - 2s22p sfP'ia)5s 3p_ 2[%}" 2- 1 Al 

3 536.36 536.345 688309.6 - 874756.8 2s112p:>eP")3p - 2s112p bePla)5s "P_"llPh]O 0- 1 Al 
5 537.34 537.324 688649.4 - 874756.8 2S22psCZP")3p - 2s22p5CZP'i/Z)5s 3p_ 2(%1" 1- 1 Al 
5 541.86 541.849 686959.1 - 871 512.2 2s 22p 5CZP")3p - 2s 22p 5CZP"arl)5s Ip_ 2[%Jo 1- 1 Al 

10 545.97 545.967 687830.5 - 870991.9 2S22p sfP")3p - 2s22pSfP"aa)5s 3p_ 2[%]0 2- 2 Al 
15 55~.67 55~.675 671 632.5 - 852570.5 2s 112p ti0P")3p - 2s 112p f>(ZP"aa)4d "S- llrJ/z]" 1- 2 Al 

. 20 571.61 571.616 681683.3 - 856625.8 2s 22p5fP")3p - 2s22p5fP'ia)4d 3D_ 2[%}0 2- 2 Al 
20 575.89 575.891 682981.8 - 856625.8 2s 22p 5CZP")3p - 2s 22p 5fP"lfl)4d 3D_ 2[%1° 1- 2 Al 
10 577.66 577.662 680859.8 - 853971.5 2s22p SeP")3p - 2s 22p seP"3/Z)4d 3D_ 2[%1" 3- 3 Al 
5 578.32 578.323 685728.2 - 858642.0 2s22p5eP)3p - 2s22psfP'ia)4d ID_ 2[%}" 2- 1 Al 

40 580.41 {580.414 682981.8 - 855272.7 2s 22p SfP")3p - 2s22pSfP"aa)4d 3D_ 2[%)" 1- I Al 
580.423 681683.3 - 853971.5 2s 22p s(2P")3p - 2s 22p s(2P" aa)4d 3D_ 2[%]" 2- 3 

10 581.18 581.172 681683.3 - 853749.4 2s 22p 5(2p")3p - 2s 22p 5fP" aa)4d 3D_ 2[%)0 2- 2 Al 
100 581.91 581.913 680859.8 - 852706.8 2s22p5(2p)3p - 2s22p sfP3a)4d 3D_ 2[%]0 3- 4 Al 
70 583.59 583.581 681683.3 - 853039.1 2s 22p SfP")3p - 2s22p5eP"aa)4d 3D_ 2[%JO 2- 3 Al 
2 584.43 584.403 685728.2 - 856843.1 2s22p5eP")3p - 2s22p5fP'i/Z)4d ID_ 2[%]" 2- 2 Al 
5 585.13 585.146 685728.2 - 856625.8 2s 22p SfP")3p - 2s22p5(2~a)4d ID_ 2(%1° 2- 2 Al 

3 585.44 585.441 687830.5 - 858642.0 2s22p5CZP")3p - 2s22p5fP'ia)4d 3p_ 2(%]" 2- 1 Al 
5 587.11 587.116 681683.3 - 852007.5 2s 22p SCZP")3p - 2s 22p s(2P" aa)4d 3D_ 2[1/21° 2- 1 Al 

20 589.39 589.391 686959.1 - 856625.8 2s22p5eP")3p - 2s22psePla)4d Ip_ 2[%]0 1- 2 Al 
60 591.62 {591.613 687830.5 - 856859.9 2s 22p 5eP")3p - 2s22psCZpY/2)4d 3p_ 2[%1" 2- 3 Al 

591.626 682981.8 - 852007.5 2s 22p s(2P")3p - 2s 22p 5fP3rl)4d 3D_ 2[1/21° 1- 1 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 811 

AI IV - Continued 

Mult. ReI. Vae. Wavelength (A) Levels (em-I) ConfIgurations Tenns J Ref. 
No. Int. Observed Calculated Lower Upper Values 

2 592.42 592.434 687830.5 - 856625.8 2s 22p 5fP")3p - 2s22p 5fPjfl)4d 3P_2[%)0 2- 2 Al 
40 594.38 594.377 685728.2 - 853971.5 2s22p 5fP")3p - 2s22p 5fP03fl)4d 10_ 2[%)° 2- 3 Al 
30 594.55 594.553 688649.4 - 856843.1 2s22p 5fPO)3p - 2s22p 5fPlr.!)4d 3p_2[%JO 1- 2 Al 
10 598.95 598.935 688309.6 - 855272.7 2s22p 5fPO)3p - 2s22p 5fP03fl)4d 3P_2[%)0 0- I Al 
2 603.83 603.823 686959.1 - 852570.5 2s22p 5fP")3p - 2s22p 5fP03fl)4d IP_2[%JO 1- 2 Al 

10 607.04 607.017 687830.5 - 852570.5 2s22p5fP")3p - 2s22p 5fP03fl)4d 3p_2[%IO 2- 2 Al 
1 635.31 635.262 714096.9 - 871 512.2 2s22p 5fP")3p - 2s22p 5fP03fl)5s IS_2[%)0 0- 1 Al 

30 691.82 691.826 714096.9 - 858642.0 2s22p 5fP")3p - 2s22p5fPlfl)4d IS_2[%)0 0- 1 Al 
10 708.34 708.337 714096.9 - 855272.7 2s22p 5fPO)3p - 2s22p 5fP03fl)4d 'IS~2[%Jo 0- 1 Al 
10 712.43 712.430 760472.3 - 900 836.9 2s 22p 5fP")3d - 2s 22p 5fpo3fl)5f 3po_2[%J 2- 3 Al 

7 724.62 724.618 759 193.4 - 897 197.1 2s22p 5fpo)3d - 2s22p5fP3fl)5f 3po_ 2[%1 0- I Ai 
30 726.63 726.634 759596.8 - 897217.6 2s22p 5fpo)3d - 2s22p5fP03fl)5f 3po_ 2[%J 1- 2 Al 
60 728.71 728.704 763613.6 - 900 843.6 2s 22p 5fP")3d - 2s22p5fpo3fl)5f 3F'_2[%J 2- 3 Al 
60 730.22 730.223 760472.3 - 897416.8 2s22p sfP")3d - 2s22p 5fP03fl)5f 3po_ 2[%) 2- 3 Al 
3 732.35 {732.329 764297.1 - 900 847.7 2s 22v 5(2po)3d - 2s 22v S(2P3fl )of IF'_ 2(7/21 3- 4 Al 

732.351 764297.1 - 900 843.6 2s 22p 5fpo)3d - 2s22p5fpo3fl)5f IF'_ 2(7/21 3- 3 

5 736.11 {736.097 761 688.4 - 897540.1 2s 22p 5(2P")3d - 2s22p sfP3fl)5f 3F'_2[%] 4- 4 Al 
736.111 761 688.4 897537.5 2s22p 5(2po)3d- 2s22v5(2P3fl)5f 3F'_2[%J 4- 3 

200 737.27 737.266 761688.4 - 897324.7 2s22p 5fpo)3d- 2s22p 5fP03fl)5f 3F'_2[%] 4~ 5 Al 
5 739.31 t39.275 762272.5 - 897540.1 2s 22p 5fpo)3d - 2s 22p 5fP03fl)5f 3F'_2[%) 3- 4 Al 

739.290 762272.5 - 897537.5 2s22p 5fpo)3d - 2s22p 5fP03fl)5f 3F'_2[%) 3- 3 

5 739.93 739.950 762272.5 - 897416.8 2s 22p 5fpo)3d - 2s22p 5fP3fl)5f 3F'_2[%1 3~ 3 Al 
100 740.44 740.434 762272.5 - 897328.4 2s22p 5fP")3d - 2s22p5fpo3fl)5f 3F'_2(%) 3- 4 Al 
20 742.947 742.929 671 632.5 - 806234.9 2s 22p 5fpo)3p - 2s 22p5fPir.!)4s 3S_ 2(1/2)° 1- I- K2 
5 746.43 746.417 766880.8 - 900 854.1 2s22p 5fpo)3d - 2s22p5fP03fl)5f 30°_2(%) 1- 2 Al 

20 746.71 746.693 763613.6 - 897537.5 2s 22p 5fpo)3d - 2s22p 5fP03fl)5f 3F'_2(%) 2- 3 Al 

40 747.35 {747.340 767035.7 - 900 843.6 2s 22p 5fpo)3d - 2s 22p 5fpoar.!)5f 100_ 2(%1 2- 3 Al 
747.366 763613.6 - 897416.8 2s 22p 5fpo)3d - 2s 22p 5fPO 3fl)5f 3F'_2(%1 2- 3 

2 748.63 748.595 763613.6 - 897197.1 2s22p 5fpo)3d - 2s22p5fP03fl)5f 3F'-2(%1 2- 1 Al 
60 749.07 {749.051 767345.5 - 900 847.7 2s22p 5fpo)3d - 2s22p 5fP03fl)5f 30°_ 2(%1 3- 4 Al 

749.074 767345.5 - 900 843.6 2s 22p 5fpo)3d - 2s 22p 5fPO 3fl)5f 30°_ 2(%1 3- 3 

40 750.52 {750.508 764 297.1 - 897540.1 2s22p 5fpo)3d - 2s22p5fP03fl)5f 11""_2(%] 3- 4 Al 
750.523 764297.1 - 897537.5 2s 22p 5fpo)3d - 2s 22p 5fPOar.!)5f 11""_ 2[%) 3- 3 

40 751.41 751.392 767750.6 - 900836.9 2s 22p 5fpo)3d - 2s 22p 5fPO 3fl)5f 30°_2[%] 2- 3 Al 
2 751.6R 751.703 764297.1 - R9732R_4 2.~ 22p 5fpo)3d - 2.~ 22p Sfpo3l2)5f 11""_2[%1 3- 4 Al 
m 761.760 671 632.5 - 802907.5 2s22psfpo)3p - 2s22p sfP03fl)4s 3S_2[%)0 1- 1 K2 

6" 765.97 765.961 766880.8 - 897435.7 2s 22p 5fPO)3d - 2s 22p 5fP03fl)5f 30°_2(%] 1- 2 Al 
3 766.31 766.273 767035.7 - 897537.5 2s22p5fP")3d - 2s22p5fpoatz)5f IDO_2[%J 2- 9 Al 

100 767.747 767.755 671 632.5 - 801882.3 2s 22p 5(2P")3p - 2s 22p 5fr'3fl)4s 3S_2[%]O 1- 2 K2 
10 769.13 769.129 770836.9 - 900 854.1 2s22p sfpo)3d- 2s22p sfP03fl)5f lpo_2[%] 1- 2 Al 
10 802.875 802.880 681683.3 - 806234.9 2s22p5(2po)3p - 2s22p5fPjr.!)4s 3D_ 2[1/2]° 2- 1 K2 

1 811.341 811.339 682981.8 - 806234.9 2s 22p 5fP")3p -" 2s22p5fPlfl)4S 30_2[I/z]o 1- 1 K2 
50 817.473 817.475 682981.8 - 805309.7 2s22p 5fpo)3p - 2s22p 5fPlfl)4s 30_ 2[I/z]O 1- 0 K2 

150 824.911 824.918 681683.3 - 802907.5 2s22ps(2P")3p - 2s22p5fPOar.!)4s 30_ 2[%]° 2- 1 K2 
200 826.287 826.293 680859.8 - 801882.3 2s22p 5(2PO)3p - 2s22p s(2po3fl)4s 30_ 2[%]° 3- 2 K2 
50 829.830 829.829 685728.2 - 806 234.9 2s22p 5fpo)3p - 2s22p5fPlfl)4s 10_ 2[%)° 2- 1 K2 

10 831.939 831.954 681683.3 - 801882.3 2s22p5fP")3p - 2s22p5fP03fl)4s 30_2[%t 2- 2 K2 
30 838.398 838.393 686959.1 - 806 234.9 2s22p 5(2po)3p - 2s22p5fPlr.!)4s Ip_ z[lh]O 1- 1 K2 

1 841.050 841.039 682981.8 - 801882.3 2sz2p5fP")3p - 2s22p 5(2POar.!)4s 30_ 2[%)° 1- 2 K2 
200 844.564 844.563 687830.5 - 806 234.9 2s 22p 5fpo)3p - 2s 22p 5(2Plfl)4s 3p_ 2[IJ2]O 2- 1 K2 
50 844.949 844.947 686959.1 - 805309.7 2sz2p 5fpo)3p - 2s22p5fPjfl)4s IP_Z(lh]O 1- 0 K2 

~ 10 847.995 847.994 688309.6 - 806 234.9 2s22p 5fpo)3p - 2sz2p5fPlfl)4s 3p_ 2[1/2)0 0- I K2 
80 850.447 850.445 688649.4 - 806234.9 2s 22p 5(2po)3p - 2s 22p 5fPlIZ)4s 3p_ 2[1/2]0 1- I K2 

100 853.393 853.393 685728.2 - 802907.5 2s22p5fpo)3p - 2s22p5fp"3fl)4S 10_ 2[%)° 2- I K2 
50 857.198 857.190 688 649.4 - 805309.7 2s22p 5fpo)3p - 2s 22p5fPlIZ)4s 3p_ 2[1/21° 1- 0 K2 

150 860.937 860.925 685728.2 - 801882.3 2s 22p 5fP")3p - 2s 22p 5fp"ar.!)4s 10_2 %)0 2- 2 K2 



AI IV - Continued 

lult. Ret Vae. Wavelength (A) Levels (em-I) ConfIgurations Tenns J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

10 862.455 862.453 686959.1 - 802907.5 2s22p 5fp")3p - 2s22p5fP3t.!)4s Ip_2[%]o 1- 1 K2 

1 868.994 868.983 687830.5 - 802907.5 2s22p 5fP")3p - 2s22p5fP"m)4s 3p_2[%]o 2- 1 K2 

5 870.154 870.146 686959.1 - 801882.3 2s22p 5(2P")3p - 2s22p5(2P"m)4s IP_2[3jz)O 1- 2 K2 

20 872.626 872.616 688309.6 - 802907.5 2s22p 5(2P")3p - 2s22p 5(2P"m)4s 3p_2[%)o 0- 1 K2 
80 876.803 876.795 687830.5 - 801882.3 2s22p 5(2P")3p - 2s22p 5(2P3t.!)4s 3p_2[%]O 2- 2 K2 

50 883.138 883.136 688649.4 - 801882.3 2s22p 5(2PO)3p - 2s22p5fP3t.!)4s 3p_2[%]o 1- 2 K2 
30 1017.940 1017.933 759596.8 - 857835.1 2s22p 5fPO)3d - 2s22p5fP3t.!Hf 3po_ 2[%] 1- 2 Al 

100 1018.168 1018.162 759 193.4 - 857409.6 2s22p 5fpo)3d - 2s22p5fPOmHf 3po_ 2(%) 0- 1 Al 
200 1022.082 1022.078 759596.8 - 857436.7 2s22p 5fpo)3d - 2s22p5fP3t.!)4j 3po_ 2(%) 1- 2 Al 
100 1022.362 1022.361 759596.8 - 857409.6 2s22p 5fP")3d - 2s22p6fpom)4j 3p"_ 2[%) 1- 1 Al 

5 1023.93 1023.948 763613.6 - 861274.8 2s 22p 5fpo)3d - 2S22p 5fP'it.!Hf 3F"_ 2[%) 2- 2 Al 
150 1024.248 1024.241 763613.6 - 861 246.9 2s22p 5fp")3d - 2s22p5f~t.!Hf 3F"_ 2[%) 2- 3 Al 

5 1027.08 1027.086 760472.3 - 857835.1 2s22p 5(2P")3d - 2s22p6(2POmHf 3po_ 2[%] 2- 2 Al 
500 1027.343 1027.346 760472.3 - 857810.5 2s 22p 6(2P")3d - 2s22p5fP3t.!)4j 3po_ 2[%] 2- 3 Al 
100 1031.39 1031.403 764297.1 - 861252.4 2s ?2p "CP")3tl- 2s ?2p"CPlt.!Hf 'F"_2[%J 3- 4 Al 

30 1040.340 1040.344 761688.4 - 857810.5 2s22p 5fpo)3d - 2s22p 5fP03fJ)4f 3F"_ 2[%) 4- 3 Al 
800 1042.169 1042.163 761688.4 - 857642.7 2s 22p 5fP")3d - 2s22p5fPOm)4j 3F"_ 2[%) 4- 5 Al 
200 1044.064 1044.011 762272.15 - 858051.4 2s 22p sfY)3d - 2s 22p sfPat.!)4j 2F'_2[%J 3- 3 Al 
200 1045.766 1045.774 618473.9 - 714096.9 2s22p 5fpo)3s - 2s22p 5fP")3p 3po _ 18 1- 0 K2 
700 1048.515 1048.510 762272.5 - 857645.9 2s22p5fpo)3d - 2s22p5fpom)4f 3F"_2[%J 3- 4 Al 

500 1058.901 1058.898 763 tH3.6 - 8M 0151.4 2s 2 2p sfPj3d - 2s 2 2p sfP3t.!Hf 2F'_2[%J 2- 3 Al 
150 1059.396 1059.389 766880.8 - 861 274.8 2s22p 5fP")3d- 2s22p5f~fJ)4j 3DO_2[%J 1- 2 Al 
40 1061.135 1061.131 767035.7 - 861 274.8 2s22p 5(2P")3d - 2s22p5(2~t.!)4j IDO_2[%J 2- 2 Al 

500 1061.429 1061.445 767035.7 - 861246.9 2s22p 5(2p")3d - 2s22p5(2~t.!)4j IDO_2[%J 2- 3 Al 
600 1064.891 1064.885 767345.5 - 861252.4 2s22p 5(2P")3d - 2s22p5(2P'it.!Hf 3DO_2[%] 3- 4 Al 

500 1066.567 1066.570 764297.1 - 858055.6 2s 22p 5(2po)3d - 2s 22p 5(2P3t.!)4j IF"_ 2[712] 3- 4 Al 
600 1069.437 1069.438 767750.6 - 861257.7 2s22p 5fpo)3d - 2S22p5f~t.!Hf 3DO_2[%] 2- 3 Al 
100 1071.241 1071.251 764297.1 - 857645.9 2s 22p 5fpo)3d - 2s 22p 5fP3t.!)4j IF"_ 2[%] 3- 4 Al 

5 1085.331 1085.328 714096.9 - 806234.9 2s 22p 5(2P")3p - 2s 22p 5f~t.!)4s 18_ 2[1/2]0 0- 1 K2 
200 1098.718 1098.712 767035.7 - 858051.4 2s 22p 5fpo)3d - 2s22p5fP3t.!)4j IDO_2[%1 2.- 3 Al 

300 1099.461 1099.453 766880.8 - 857835.1 2s22p 5fP")3d- 2s22p5fpom)4j 3DO_2[%] 2- 2 Al 
20 1101.34 1101.329 767035.7 - 857835.1 2s 22p 5fpo)3d - 2s 22p 5fP3t.!)4j IDO_2[%J 2- 2 Al 

200 1102.417 1102.413 767345;5 - 858055.6 2s 22p 5fP")3d - 2s 22p 5(2P3t.!Hf 3DO_2[%] 3- 4 Al 
70 1104.285 1104.290 766880.8 - 857436.7 2s22p 6fP")3d - 2s22p6(2P3t.!)4j 3DO_2[%1 1- 2 Al 
20 1104.617 1104.621 766880.8 - 857409.6 2s 22p 5fp")3d - 2S22p 5fP3t.!)4j 3DO_2[%] 1- 1 Al 

50 1105.402 1105.400 767345.5 - 857810.5 2s 22p 5fpo)3d - 2s 22p 5fP3t.!)4j 3DO_2[%) 3- 3 Al 
400 1105.738 1105.731 770836.9 - 861 274.8 2s22p 5fpo)3d- 2S22p5f~t.!)4j Ip"_ 2[%) 1- 2 Al 
600 1118.824 1118.826 624717.5 - 714096.9 2s Z2pl)eP")::Js - 2s Z2pl)eP"):3p II'" _ IS 1- 0 K2 
500 1125.613 1125.622 671 632.5 - 760472.3 2s22p 5fpo)3p - 2s22p5fP")3d 38_ 3po 1- 2 K2 

5 1126.001 1125.992 714096.9 - 802907.5 2s22p 5(2p")3p - 2s22p 5fP3t.!)4s 18_ 2[%]° 0- 1 K2 

400 1136.821 1136.825 671 632.5 - 759596.8 2s Z2p 5 CZP")3p - 2sZ2p 5CZP")3d a8_ ;If" 1- 1 K2 
200 1142.058 1142.062 671 632.5 - 759193.4 2S22p5fP")3p - 2s22p5fP")3d 38_ 3po 1- 0 K2 
200 1149.450 1149.449 .770836.9 - 857835.1 2s 22p 5fpo)3d - 2s 22p 5(2P3tJ)4j lpo_2[%] 1- 2 Al 

m 1150.870 680859.8 767750.6 2s22p 5fpo)3p - 2s22p5fpo)3d 3D_ aDO 3- 2 K2 
250 1154.730 1154.737 770836.9 - 857436.7 2s z2p n(Zpo)3d - 2s z2p°(ZP3t.!)4j IP" _ Z[;i/21 1- 2 Al 

150 1156.263 1156.260 680859.8 - 767345.5 2s22p 5(2PO)3p - 2s22p5eP")3d 3D_ 3Do 3- 3 K2 
1 1160.32 1160.417 680859.8 - 767035.7 2s22p5eP")3p - 2s22pseP")3d 3D-IDo 3- 2 K2 

300 1161.885 1161.881 681683.3 - 767750.6 2s22p SeP")3p - 2s22p SfP")3d 3D_ 3Do 2- 2 K2 
150 1167.39 1167.376 681 683.3 - 767345.5 2s22p s(2P")3p - 2s22p5fP")3d 3D_ 3Do 2- 3 K2 

5 1171.59 1171.613 681683.3 - 767035.7 2s22p5eP")3p - 2s22p 5eP")3d 3D_ IDo 2- 2 K2 

m 1174.967 685728.2 - 770836.9 2s22p 5eP")3p - 2S22p5fP")3d ID_ lpo 2- 1 K2 
20 1179.666 1179.679 682981.8 - 767750.6 2s22p 5epo)3p - 2s22p5eP")3d 3D_ 3Do 1- 2 K2 
50 1189.711 1189.713 682981.8 - 767035.7 2s22p 5epo)3p - 2s22p5fPO)3d 3D_ IDo 1- 2 K2 

200 1191.907 1191.909 682981.8 - 766880.8 2s22p 5epo)3p - 2s22p5eP")3d 3D_ 3Do 1- 1 K2 
150 1192.212 1192.211 686959.1 - 770836.9 2S22pSC2po)3p - 2s22p5epo)3d Ip _ IP" 1- 1 K2 
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WAVELENGTHS AND ENERGY LEVELS Of ALUMINUM 813 

AI IV - Continued 

Mult. ReI. Vae. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

400 1198.500 1198.505 680859.8 - 764297.1 2S22p 5fP")3p - 2s22p5(2P")3d 3D_ IF" 3- 3 K2 
1 1204.722 1204.726 687830.5 - 770836.9 2s 22p 5CZP")3p - 2s 22p 5(2P")3d 3p _ lp" 2- 1 K2 

10 1208.401 1208.404 680859.8 - 763613.6 2s 22p 5CZP")3p - 2s 22p 5(2P")3d 3D _ 3F" 3- 2 K2 
40 1211.724 1211.720 688309.6 - 770836.9 2s22p 5fP")3p - 2s22p 5(2P")3d 3p_ IP" 0-1 K2 

300 1216.723 1216.730 688649.4 - 770836.9 2s22p 5fP")3p - 2s22p5(2P")3d 3p _ lp" 1- 1 K2 

300 1219.171 1219.179 685728.2 - 767750.6 2s22p5(2P")3p - 2s22p5(2P")3d ID_ 3Do 2- 2 K2 
400 1220.546 1220.550 681683.3 - 763613.6 2s22p 5fP")3p - 2s22p s(2P")3d 3D_ 3F" 2- 2 K2 

10 1225.236 1225.230 685728.2 - 767345.5 2s22p5(2P")3p - 2s22p5(2P")3d ID_ 3Do 2- 3 K2 
300 1228.310 1228.310 680859.8 - 762272.5 2s22p 5fP")3p - 2s22p5fP")3d 3D_ 3F" 3- 3 K2 

40 1229.908 1229.899 685728.2 - 767035.7 2s 22p 5(2P")3p - 2s 22p s(2P")3d lD_ IDo 2- 2 K2 

900 1237.187 1237.186 680859.8 - 761 688.4 2s22p5(2P")3p - 2s22p5(2P")3d 3D_ 3F" 3- 4 K2 
10 1237.744 1237.754 686959.1 - 767750.6 2s22p5(2p")3p - 2s22p5(2P")3d Ip_ 3Do 1- 2 K2 

600 1240.206 1240.205 682981.8 - 763613.6 2s22p5(2po)3p - 2s22p5(2P")3d 3D _ 3F" 1- 2 K2 
700 1240.861 1240.861 681683.3 - 762272.5 2s22p 5(2po)3p - 2s22p s(2po)3d 3D_ 3F" 2- 3 K2 
700 1248.790 1248.804 686959.1 - 767035.7 2s22p5(2p")3p - 2s22p5(2PO)3d Ip_ IDo 1- 2 K2 

150 1251.235 { 1251.225 686959.1 - 766880.8 2S22p s(2po)3p - 2s22p5(2PO)3d Ip_ 3Do 1- 1 K2 
1251.250 687830.5 - 767750.6 2s 22p 5CZpo)3p - 2s 22p s(2po)3d 3p_ 3Do 2- 2 

40 1256.083 1256.084 680859.8 - 760472.3 2s22p 5(2p"}3p - 2s22p S(2p"}3d 3D _ 3p" 3- 2 K2 
900 1257.624 1257.624 687830.5 - 767345.5 2s22p5fP")3p - 2s22p s(2po)3d 3p_ 3Do 2- 3 K2 
300 1262.544 1262.543 687830.5 - 767035.7 2s 22p 5(2P")3p - 2s 22p 5(2po)3d 3p_ IDo 2- 2 K2 

800 1264.181 1264.203 688649.4 - 767750.6 2S22p 5fP")3p - 2s22p5fP")3d 3p_ 3Do 1- 2 K2 
20 1269.209 1269.213 681683.3 - 760472.3 2s22p 5(2P")3p - 2s22pSfP")3d 3D_ 3p" 2- 2 K2 

1000 1272.763 1272.768 685728.2 - 764297.1 2s22p 5(2P")3p - 2s22p sfpo)3d ID_ IF" 2- 3 K2 
5 1275.731 1275.733 688649.4 - 767035.7 2s22p5fP")3p - 2s22p s(2P")3d 3p_ IDo 1- 2 K2 

50 1278.265 1278.259 688649.4 - 766880.8 2s22p 5(2P")3p - 2s22p5fP")3d 3p_ 3Do 1- 1 K2 

40 1283.484 1283.475 681683.3 - 759596.8 2s22p 5(2P")3p;... 2s 22p sfpo)3d 3D _ 3pe 2- 1 K2 
20 1290.486 1290.481 682981.8 - 760472.3 2s22p SfP")3p - 2s 22p s(2po)3d 3D_ 3po 1- 2 K2 
30 1304.547 1304.555 686959.1 - 763613.6 2s22p s(2P")3p - 2s22p5fP")3d Ip_ 3F" 1- 2 K2 

1 1305.21 1305.227 682981.8 - 759596.8 2s 22p 5(2P")3p - 2s 22p 5fP")3d 3D_ 3po 1- 1 K2 
200 1306.432 1306.433 685728.2 - 762272.5 2S22p5CZP")3p - 2s22p s(2po)3d ID_ 3F" 2- 3 K2 

60 1307.762 1307.760 687830.5 - 764297.1 2s22p s(2P")3p - 2s22pSfP")3d 3p _ IF" 2- 3 K2 
20 1312.135 1312.136 682981.8 - 759 193.4 2s22p5CZP")3p - 2s22ps(2P")3d 3D _ 3p" 1- 0 K2 

1 1319.57 1319.555 687830.5 - 763613.6 2s22pSCZP")3p - 2s22p5(2P")3d 3p_ 3F" 2- 2 K2 
400 1337.898 1337.898 685728.2 - 760472.3 2s22p s(2P")3p - 2s22p sfP")3d ID_ ap" 2- 2 K2 
150 1353.745 1353.755 68572R2 - 759596_8 2s22p 5(2.PO)3p - 2s 22p5(2P")3d ID_ ap" 2- 1 K2 

100 1360.298 1360.300 686959.1 - 760472.3 2s22p 5fP")3p - 2s22p s(2P")3d lp _ 3p" 1- 2 K2 
500 1376.618 1376.618 687830.5 - 760472.3 2s22p5CZP")3p - 2s22p 5(2PO)3d 3p_ 3po 2- 2 K2 
500 1~8R789 138R-789 616644.2 - 688649.4 2s22p s(2P")3s - 2s 22p 5(2P")3p 3p" __ 3p 2 -- 1 K2 

40 1392.33 1392.314 688649.4 - 760472.3 2s22p S(2po)3p - 2s22p s(2P")3d 3p_ 3p" 1- 2 K2 
60 1393.42 1393.412 687830.5 - 759596.8 2s22p 5CZpo)3p - 2s22p5CZP")3d 3p_ 3po 2- 1 K2 

m. 1402.776 688309.6 - 759596.8 2s22p s(2P")3p - 2s22p s(2P")3d 3p _ 3p" 0- 1 K2 
300 1404.751 1404.765 616644.2 - 687830.5 2s22p SfP")3s - 2S22p5fP")3p 3p" _ 3p 2- 2 K2 
100 1409.490 1409.495 688649.4 - 759596.8 2S22p SCZP")3p - 2s22p s(2P")3d 3p _ 3p" 1- 1 K2 
100 1417.558 1417.555 688649.4 - 759 193.4 2s22p5(2P")3p - 2s22p5fP")3d 3p_ 3po 1- 0 K2 
200 1422.176 1422.174 616644.2 - 686959.1 2s22p5fP")3s - 2s22p5fP")3p 3p" _ Ip 2- 1 K2 

250 1424.995 1424.999 618473.9 - 688649.4 2s22p 5fP")3s- 2s22p SfP")3p 3p" _ 3p 1- 1 K2 
600 1431.935 1431.932 618473.9 - 688309.6 2s22p 5fpo)3s - 2s22p5(2P")3p 3po _ 3p 1- 0 K2 

10 1432.97 1432.958 766880.8 - 836666.5 2s22p 5fpo)3d - 2s22p sfPiI2)4p 3Do - 2[1/2) 1- 0 Al 
700 1441.825 1441.824 618473.9 - 687830.5 2s22p s(2po)3s - 2s22p 5(2PO)3p 3po _ 3p 1- 2 K2 
800 1447.512 1447.513 616644.2 - 685728.2 2s22p 5fpo)3s - 2s22p5fpo)3p 3po_ ID 2- 2 K2 

600 1457.956 1457.953 620060.1 - 688649.4 2s22p5(2pe)3s - 2s22psfpo)3p 3po _ 3p 0-1 K2 
250 1460.168 1460.170 618473.9 - 686959.1 2S22p s(2po)3s - 2s22p sfpo)3p 3po _ Ip 1- 1 K2 

15 1466.24 1466.218 759596.8 - 827799.5 2s 22p5fP")3d - 2s22p 5(2P312)4p 3p"_ 2PhJ 1- 0 Al 
30 1470.024 1470.015 760472.3 - 828498.8 2s 22p 5(2PO)3d - 2s 22p s(2PiI2)4p 3po_ 2[%1 2- 1 Al 
40 1471.303 1471.304 760472.3 - 828439.2 2s 22p srpo)3d - 2s22psrPj!2)4p 3po_ 2[%1 2- 2 Ai 
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.AI IV - Continued 

Mult. ReI. Vac. Wavelength CA) Levels C cm-l ) Configurations Terms J Ref. 
No. . Int. Observed Calculated Lower Upper Values 

700 1486.887 1486.894 618473.9 - 685728.2 2s22p 5fpo)3s - 2s22p 5fpo)3p 3p"_ 10 1- 2 K2 
800 1494.791 1494.791 620060.1 - 686959.1 2s22p 5fpo)3s- 2s22p 5fpo)3p 3po _ Ip 0-1 K2 
300 1507.442 1507.441 616644.2 - 682981.8 2s22p 5fpo)3s- 2s22p5fpo)3p 3p"_ 30 2- 1 K2 
100 1511.88 1511.880 759596.8 - 825739.6 2s 22psfP")3d - 2s22psfP3I2)4p 3po_ 21%) 1- 2 Al 
10 1513.20 1513.214 759 193.4 - 825277.9 2s 22p s(2P")3d - 2s22p5(2P03/2)4p 3po_ 2[%) 0- 1 Al 

400 1519.07 1519.073 770836.9 - 836666.5 2s22p s(2po)3d - 2s22p5(2PII2)4p lpo _ 2(1/2) 1- 0 Al 
::too 1532.16 1532.161 760472.3 - 825739.6 2s22psfpo)3d- 2s22p 5fP03l2)4p 3po_ 2[%1 2- 2 At 
800 1537.540 1537.537 616644.2 - 681683.3 2s22ps(2P")3s- 2s22ps(2P")3p 3po_ 30 2- 2 K2 
500 1550.192 1550.198 618473.9 - 682981.8 2s22p5fpo)3s - 2s22ps(2P")3p 3po_ 30 1- 1 K2 

1 1556.88 1556.873 763613.6 - 827844.9 2s22psfpo)3d- 2s22ps(2PII2)4p 3F'_ 2[%] 2- 1 At 

lOOO 1557.254 1557.254 616644.2 - 680859.8 2s22p s(2po)3s - 2s22p5(2PO)3p 3po_ 30 2- 3 K2 
500 1559.03 1559.038 764297.1 - 828439.2 2s 22p s(2P")3d - 2s22p sfPII2)4p IF'_ 2[%] 3- 2 Al 
700 1564.164 1564.164 624717.5 - 688649.4 2s22p s(2P")3s- 2s22psfPO)3p lpo_ 3p 1- 1 K2 
100 1572.54 1572.522 624717.5 - 688309.6 2s22p 5(2P")3s - 2s 22p5(2PO)3p lpo_ 3p 1- 0 K2 
900 1582.040 i582.043 618473.9 - 681683.3 2s22p s(2P")3s- 2s22p s(2po)3p 3po_ 30 1- 2 K2 

800 1584.460 1584.460 624717.5 - 687830.5 2s22p sfP")3s- 2s22pSfP")3p lpo_ 3p 1- 2 K2 
400 1589.275 1589.277 620060.1 - 682981.8 2S22p 5(2P")3s - 2s22p 5fP")3p 3po_ 30 0- 1 K2 
300 1602.77 1602.780 761688.4 - 824080.0 2s22p 5fP")3d - 2s22p 5fP3I2)4p 3F'_ 2(%1 4- 3 Al 
400 1606.646 1606.642 624717.5 - 686959.1 2s22psfpo)3s - 2s22p s(2po)3p lpo_ Ip 1- 1 K2 

1 1607.31 1607.317 759193.4 - 821408.9 2s 22p sfP")3d - 2s22p seP3I2)4p 3po_ 2(1/d 0- 1 Al 

400 1617.81 1617.806 759596.8 - 821 408.9 2s 22p 5fpo)3d - 2s22p s(2P312)4p 3po_ 2[%) 1- 1 Al 
200 1617.93 1617.927 762272.5 - 824080.0 2s22p s(2po)3d- 2s22psfP3I2)4p 3F'_ 2[%] 3- 3 Al 
350 1621.68 1621.684 763613.6 - 825277.9 2s22p s(2P")3d - 2S 22p s(2po3/2)4p 3F'_ 2[%1 2- 1 Al 
600 1627.536 1627.538 764297.1 - 825739.6 2s 22v 5(2P")3d - 2s 22ps(2Y'v). )4v IF'_ 2[%1 3- 2 Al 

50 1628.58 1628.572 767035.7 - 828439.2 2s22p 5(2P")3d - 2s 22p s(2FtI2)4p IDo_ 21%J 2- 2 Al 

500 1636.822 1636.830 767345.5 - 828439.2 2s 22p SfP")3d- 2s22p 5fPII2)4p 30°_ 21%] 3- 2 Al 
800 1639.055 1639.057 624717.5 - 685728.2 2s22p sCZpo)3s - 2s22p s(2po)3p lpo_ 10 1- 2 K2 
300 1641.05 1641.050 760 472.3 - 821408.9 2s22p Sfp")3d - 2s22p s(2P"3/2)4p 3po_ 211/a} 2- 1 Al 
200 1641.20 1641.198 763613.6 - 824544.7 2s 22p 5fpo)3d - 2s22psfP3I2)4p 3F'_ 2[%) 2- 2 Al 
50 1641.55 1641.532 766880.8 - 827799.5 2s22p sfpo)3d - 2s22p SfP3fl)4p 30° _ 2P/a) 1- 0 Al 

200 1644.47 1644.488 767035.7 - 827844.9 2s22p sfpo)3d - 2s 22p5(2PIfl}4p 10°_ 2(%J 2- 1 Al 
1 1647.79 1647.756 767750.6 - 828439.2 2s22p s(2po)3d - 2s22p5(2FtI2)4p 300_ 2[%] 2- 2 Al 

20 1672.722 1672.719 764297.1 824080.0 2s22p s(2po)3d- 2s22psCZY'vJ)4p IF'_ 2(%J 3- 3 Al 
200 1712.43 1712.414 766880.8 - 825277.9 2s22v5(2po)3d - 2s22p s(2P?m)4p 30°_ 2[3/21 1- 1 Al 

5 1716.28 1716.317 624717.5 - 682981.8 2s22p s(2po)3s - 2s22p 5(2po)3p lpo_ 3b 1- 1 K2 

20 1754.120 1754.140 770836.9 - 827844.9 2s 22p 5(2P")3d - 2s22p s(2FtfJ}4p IP"_ 2[%) 1- 1 Al 
100 1755.431 1755.439 624717.5 - 681683.3 2s22vs(2P")3s - 2s22psfP")3p Jpo_ 30 1- 2 K2 
200 1762.424 1762.425 714096.9 - 770836.9 2s22p 5(2P")3p - 2s22p s(2P")3d IS_ lpo 0- 1 K2 

1000 1818.563 1818.569 616644.2 - 671 632.5 2s22p s(2P")3s - 2s 22p s(2PO)3p 3po_ as 2- 1 K2 
700 1881.159 1881.163 618473.9 - 671 632.5 2s22p s(2P")3s - 2s 22p 5CZpo)3p 3p" _ 3S 1- 1 K2 

'. 

50 1894.48 1894.517 714096.9 - 766 880.8 2s22p 5(2PO)3p - 2s22p s(2po)3d IS_ 3Do 0- 1 K2 
300 1939.022 1939.022 620060.1 - 671 632.5 2s22p 5(2P")3s - 2s 22p sfpo)3p 3p"_ as 0- 1 K2 

Air Wavelength (A) 

30 2016.19 2016.17 821408.9 - 870991.9 2s22psepo3/2)4p - 2s22p 5fP03/2)5s 2[1/21- 2(%]0 1- 2 Al 
40 2128.45 2128.46 824 544.7 - 871 512.2 Zs!l2p"fP3J2)4p - Zs lJ2p6fP3I2)l)s !l("/zJ- !l[%r 2- 1 Al 

200 2130.837 2130.842 624717.5 671 632.5 2s22p s(2po)3s - 2s22p s(2po)3p lpo_ 3S .1-1 K1 

200bl 2130.92 . {2130.98 827844.9 - 874756.8 2s22p 5(2PII2)4p - 2s 22p S(2PII2)5s 2[%1_ 2[1/21° 1- 1 Al 
2130.98 824080.0 - 610991.9 Zs1l2p s("P:irJ)4p - Zs1l2p "(1IP"3j2)5s l/[%}_ !I('%r 3- 2 

15 2146.25 2146.26 827844.9 - 874422.9 2s22p 5(ZFtI2)4p - 2s22p S(ZFtI2)5s 2[%1_ 2[1/21° 1- 0 Al 
30 2152.29 2152.31 824544.7 - 870991.9 2s 22p 5fP3fl)4p - 2s22p S(ZP.'1/2)5s 2[%)_ 2[%10 2- 2 Al 

100 2158.32 2158.33 828439.2 - 874756.8 2s22p5(2Plfl)4p - 2s22p 5(2PlI2)5s 2[%) _ 2(1/2)° 2- I Al 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 815 

AI IV - Continued 

Mult. Ret Air Wavelength (A) Levels (em-l) Configurations Terms J Ref. 
No. Int. Observed Calculated LoWer Upper Values 

5 2161.12 2161.11 828498.8 - 874756.8 2s22p 5fPlfl)4p - 2s22p 5fPifl)5s 2[%1- 2(lh10 1-1 Al 
15 2162.24 2162.22 825277.9 - 871 512.2 2s22p Depo3f2)4p - 2s22pDeP3fl)5s 2[%1- 2{3h)0 1,..1 Al 
5 2176.84 2176.82 828498.8 - 874422.9 2s 22p 5(2Plfl)4p - 2s 22p sCZPifl)5s 2[ 1/21 _ 2[ llzt 1-0 Al 

10 2184.05 2184.03 825739.6 - 871 512.2 28 22p 5fP'3f2)4p - 2s 22p s(2P312)5s 2[%1- 2[3/2Jo 2-1 Al 
15 2209.14 220!U4 825739.6 - 870991.9 2822psf~'m)4.v - 2s22p5fp'9fl)5s 2(3/2 ] _ 2[%r 2-2 Al 

3 2211.21 2211.21 852007.5 - 897217.6 2822p sfP03f2)4d - 2s22p sfP'3f2)5f 2[1f2r- 2[%1 1-2 Al 
2 2212.21 2212.21 852007.5 - 897 197.1 2s22ps(2P'3f2)4d - 2s22ps(2P'3fl)5f 2[1121°- 2(%1 1-1 Al 
~o 2229.13 2229.15 852570.5 - 897416.8 2s22ps(2P.'w.)4d - 2s22p 5(Z~w.)5f 2(31!,.]o _ 2(5/2 ] 2-3 Al 
50bl 2240.47 {2240.37 852706.8 - 897328.4 2822p5(2P"312)4d - 2s22p5CZP3fl)5f 2{%}0 _ 2[9/21 4-4 Al 

2240.56 852706.8 - 897324.7 2822p5CZP"3f2)4d- 2s22p5fP3fl)5f 2[%JO
_ 2[%J 4-5 

300 2240.563 2240.558 852706.8 - 897324.7 2822p SCZP'312)4d - 2s22pSfP"312)5f 2[%r- 2[%] 4-5 Al 
100 2257.187 2257.183 853039.1 - 897328.4 2s22p5(2P'312)4d- 2s22pSfP3I2)5f 2[7/21° - 2[%1 3-4 Al 
60 2260.838 2260.833 856625.8 - 900 843.6- 2s22p5(2Pifl)4d- 2s22p s(2P'm)5f 2[%r- 2[%J 2-3 Al 
20 2272.348 2272.345 856843.1 - 900 836.9 2s22ps(2PiI2)4d - 2s22p6(2P'm)5f 2[%1° - 2[%1 2-3 Al 
50 2272.66 2272.66 856859.9 - 900 847.7 2s2Zp SePiI2)4d- 2s22pSfP'm)5f 2[%10_ 2[%1 3-4 Al 

40 2283.027 2283.021 853749.4 - 897537.5 2822p s(2P"3J2)4d - 2s22pSfP'312)5f 2[%t- 2[%1 2-3 Al 
2 2287.01 2286.96 827799.5 - 871 512.2 2s 22p 5(2P'm)4p - 2s 22p sfP3fl)5s 2( 1/2J _ 2(%Jo 0-1 Al 
2 2288.29 2288.34 853749.4 - 897435.7 2s22.vs[2P'w.)4d- 2s22115f~w.)5f 2[%.10 _ 2(S/?] 2-2 Al 

50 2294.524 2294.524 853971.5 - 897540.1 2s22p 5(2P312)4d - 2s22p 5(2P312)5f 2[%)0 _ 2FIa) 3-4 Al 
3 2301.04 2301.04 853971.5 - 897416.8 28 22pSCZP'312)4d - 2s22p sfP3I2)5f 2(%Jo_ 2(%] 3-3 Al 

20 2324.13 2324.14 828498.8 - 871 512.2 2s22vs(2Plf.!Hv - 2s22vS(2P?w.)5s 2(1/21- 21%1° 1-1 Al 
40 2368.272 2368.266 858642.0 - 900 854.1 2s22psePiI2)4d- 2s22p SfP'312)5f 2(%)0_ 2[%J 1-2 Al 
50 2371.027 2371.024 855272.7 - 897435.7 2s22p sfP'm)4d - 2s22pS(2P'312)5f 2(%)0_ 2[%] 1-2 Al 
5 2383.355 2383.353 855272.7 - 897217.6 2s 22p S(2P" m)4d - 2s 22p sfP3fJ)Qf 2(%r- 2[%] 1-2 Al 

80 2495.47 2495.46 857409.6 - 897470.3 2s 22p seP'3f2Hf - 2s22p SfP'312)5g 2(%1- 2f'hlo 1-2 Al 

200 2497.14 2497.15 857436.7 - 897470.3 2s22p s(2P'm)4f - 2S22p 5eP3fl)5g 21%1- 21%]° 2- Al 
5 2501.37 2501.39 857642.7 - 897608.5 2s 22p SeP'm)4f - 2s 22p SfP3fl)5g 2(%)- 2[%r 5- Al 
3bl 2501.60 2501.59 857645.9 - 897608.5 2s22p5(2P'm)4f - 2s22pSeP'm)5g 2[%1- 2(%}O 4- Al 

300 2507.76 2507.79 857642.7 - 897506.5 2s22p s(2P'312Hf- 2s22p s(2P'm)5g 2[%) _ (1112)0 5- Al 
300 2508.01 2507.99 857645.9 - 897506.5 2s22p5fP'3J2Hf- 2s22p5(2P'3I2)5g 2{9/z1- {HIzl° 4-5 Al 

200 2514.30 2514.30 857810.5 - 897571.0 2s22psfP'3J2)4f - 2s22v5(2P3f.!)5a 2(6/2 1_ 2(1/21° 3- Al 
100 2515.48 {2515.50 861246.9 - 900 988.4 2s22p sCZ.P'1flHf - 2s22p SfPifl)5g 2(%) _ 2[%]0 3- Al 

2515.50 861246.9 900 988.4 2s 22p sCZPiJ2Hf - 2s22pSfPifl)5g 2(7/21- 2[%1° 3-4 
400 2515.87 {2515.S6 861 252.4 - 900 988.4 2S22p 6CZPi12Hf - 2s22p 5(2PiI2)5g 2[%1- 2[%r 4- Al 

2515.85 861 252.4 - 900 988.4 2s 2211 S(2P112)4f - 2s 22p S(2P11'l)5y 2(7/21- 2(%1° 4-
2515.86 857835.1 - 897571.0 2s22pseP'312Hf- 2s22psCZP3I2)5g 2[%J- 2[%r 2-3 

80bt .. 2516.20 2516.19 861257.7 - 900 988.4 2S22p 5fPiI2)4j - 2s22p S(2PiI2)5g 2[%]_ 2[%)0 3- Al 
200 2517.29 2517.27 861274.8 - 900 988.4 2s 22p sfPiJ2)4f - 2s22p SfPiI2)5g 2[%) _ 2[1/2)0 2-3 Ai . 

10 2520.68 2520.69 857810.5 - 897470.3 2s22pseP'mHf - 2s22p SfP'm)5g 2[%1- 2(%r 3- At 
5 2522.28 2522.25 857835.1 - 897470.3 2s22ps(2P'mHf- 2s22psfP3fJ)5g 2[%1- 2[%1° 2- At 

150bl 2527.27 2527.23 858051.4 - 897608.5 2s 22p s(2P'mHf - 2s22p sfP'm)5g 2[%)- 2(%)0 3-4 At 

200 2527.50 2527.50 858055.6 - 897608.5 28 22p sfP"3f2Hf - 2s 22p 5(2P"312)5g 2(%J- 2[%r 4- At 
6 2529.63 2529.63 858051.4 - 897571.0 2s22p 5fp"mHf - 2s22p5(2P"312)5g 2[%]_ 2[%10 3- Al 

10 2529.90 2529.90 858055.6 - 897571.0 2s22psfp"312Hf- 2s22p 5fP"312)5g 2[%]_ 2[%)0 4- Al 
5 9.624_54 9.69.4./)6 R~6 666.5 - 8747fi6_R ?~'i: 2?,p s(2P1t.l)4p _ 2.'i: 2?,p S(2P1t.l)5.'i: 2(1/01- 2[l/ulo 0-1 Al 
5 2868.98 2868.95 836666.5 - 871 512.2 2s22psfPiI2)4p - 2s22psfP03l2)5s 2[ 1/2J _ 2[%r 0-1 Al 

300 2961.29 2961.31 802907.5 - 836666.5 2s22p s(ZP"m)4s - 2s22p5(2Pifl)4p 2[%r- 2[1!zJ 1-0 At 
600 39.08.20 39.08.15 821 408.9 - 859. 670.5 R ... 22p s(2pom)4p - ?.'i:2?'p5(2P09."J)4d 2(I/oJ _ 2(%]0 1-2 Al 

10 3214.13 3214.14 825739.6 - 856843.1 2s22psfP"3I2)4p - 2s22p5(2Plfl)4d 2[%]_ 2[%Jo 2-2 Al 
20 3241.343 3241.344 827799.5 - 858642.0 2s 22ps(2P3fl)4p - 2s22p5(2Pifl)4d 2( 1/2 ] _ 2[%)0 0-1 Al 

100 3246.143 3246.123 827844.9 - 858642.0 2s 22p s(2PJI2)4p - 2s22psfPifJ)4d 2[%J- 2(%]0 I-I Al 

15 3253.426 3253.422 824544.7 - 855272.7 2s22ps(2P'm)4p - 2s22p5eP"312)4d 2(%)_ 21%Jo 2-1 Al 
500 3267.213 3267.181 821408.9 - 852007.5 2s22psfP'3fJ)4p - 2s22p5(!P3fl)4d 2[1/21_ 2[lhr 1-1 Al 
600 3285.13 3285.11 806 234.9 - 836666.5 2s22p sfPifl)4s - 2s22psfP'.lI2)4p 2[llz}0 _ 2(th} 1-0 Al 
150 3297.943 3297.943 821408.9 - 851 722.1 2s22ps(2P3(J)4p - 2s22p5(ZP3~)4d 2p!zJ - 2P/z)O 1-0 Al 
200 3316.546 3316.543 828498.8 - 858642.0 2s22p5f.P'1I2)4p - 2s22p5fPiI2)4d 21 llz) _ 213/2]° 1-1 Al 



AI IV - Continued 

Mult. Ret Air Wavelength (A) Levels (em-l) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

300 3332.962 3332.953 825277.9 - 855272.1 2s22p5CZP3d4p - 2s22p5fP"3fJ)4d 2(%1- 2(%r 1- 1 Al 
400 3344.46 3344.47 824080.0 - 853971.5 2s22p 5fP"3fJ)4p - 2s22p5fP"3fJ)4d 2[%1_ 2[%)0 3- 3 Al 
350 3423.125 3423.125 824544.7 - 853749.4 2s 22p 5fP"3fJ)4p - 2s22p 5fP"3fJ)4d 2[%1- 2(%)0 2- 2 Al 

50 3452.159 3452.157 824080.0 - 853039.1 2s22p5fP3d4p - 2s22p5 fP3J2)4d 2(%1 _ 2[%]0 3- 3 Al 
600 3473.536 3473.532 827844.9 856625.8 2,s22p6f~I!l)4p - 2,s22p 5fPOJlZ)4d 2[%]- 2[6/z]0 1- 2 Al 

900 3492.226 3492.231 824080.0 - 852106.8 2s22p 5fpo3fJ)4p - 2s22pSfP3J2)4d 2[%1- 2fhr 3- 4 Al 
800 3508.451 3508.458 824544.1 - 853039.1 2s22p 6fP"3fJ)4p - 2s22p6(2p"3fJ)4d 2[%1- 2[%1° 2- 3 Al 
500 3511.284 3511.280 825277.9 - 853749.4 2s22p5fP"3fJ)4p - 2s22p5fP"3fJ)4d 2[%1_ 2[%]0 1- 2 At 
700 3517.556 3517.556 828439.2 - 856859.9 2s 22p5f~J2)4p - 2s22p5fPlJ2)4d 2[%1- 2[%)0 2- 3 Al 

5 3519.638 3519.637 828439.2 - 856843.1 2s22p5fP'lJ2)4p - 2s22p6fPln)4d 2[%1- 2(%1° 2- 2 Al 

400 3527.034 3527.038 828498.8 - 856843.1 2s22p6~n)4p- 2s22p5 fPlJ2)4d 2[1/21 _ 2(%JO 1- 2 Al 
500 3541.076 3541.081 825739.6 - 853971.5 2s22p 5fP"3fJ)4p - 2s22p5fP"3fJ)4d 2(%]_ 2(%}0 2- 3 Al 

10 3546.770 3546.772 828439.2 - 856625.8 2s 22p Sf~fl)4p - 2s 22p s(2PiJ2)4d 2[%1- 2[%)0 2- 2 At 
50 3638.86 3638.87 827799.5 - 855272.7 2s22psfP"3f,l)4p - 2s22p 5fP"3f,l)4d 2( l/zI _ Z(%)O 0- 1 Al 

1 3662.01 3662.03 825739.6 - 853039.1 2$22p s(ZPOIl/ll)4p- 2822pSfpo3t2)4d 2(%) _ 2(7/21° 2- 3 Al 

2 3662.88 3662.95 825277.9 - 852570.5 2s 22p 5fP"3fJ)4p - 2s22p5fP"3fJ)4d 2(%]_ 2f%r 1- 2 Al 
300 3725.92 3725.99 825739.6 - 852570.5 2s22psfP3fl)4p - 2s22p SfP"3J2)4d 2[%]_ 2(%)0 2- 2 Al 

10 3805.81 3805.85 825739.6 - 852007.5 2s22pseP"3J2)4p - 2s22pseP"3J2)4d 2[%]_ 2[1/2]° 2- I Al 
10 4190.41 4190.41 801882.3 - 825739.6 2s22p5eP"3fJ)4s - 2s22psCZP"3fl)4p 2[%t- 21%) 2- 2 Al 
10 4378.58 4378.57 802907.5 - 825739.6 2s 22p sfP3fl)4s - 2s22p 5fP3n)4p 2[%)0_ 2(%) 1- 2 Al 

5 4411.38 4411.36 801882.3 - 824544.7 2s22p 5CZP3n)4s - 2s22p 5(ZP"3fl)4p 2[%]D_ 2[%1 2- 2 Al 
7 4436.15 4436.26 805309.7 - 827844.9 2s 22p sePifl)4s - 2s22p sfPlJ2)4p 2(IIzJD - 2[%1 0- 1 Al 

20 4468.85 4468.94 802907.5 - 825277.9 2sz2psfP"3fl)4s - 2s22ps(2P"3J2)4p 2[%10_ 2[%] t- 1 Al 
30 4502.25 4502.37 806234.9 - 828439.2 2sz2psCZPlfl)4s- 2s22psCZPiJ2)4p 2(%t- 2[%] 1- 2 Al 
40 4503.74 4503.71 801882.3 - 824080.0 2822v s(2po'VJ.)48 - 2sz2v s(2po'VJ.)4v 2(3/2 r _ 2[%J 2- 3 Al 

5 4549.27 4549.25 836666.5 - 858642.0 2s 22p sCZPifl)4p - 2s 22p sCZPlfl)4d 2[1/21 _ 2(%)0 O- J Al 
15 4620.35 4620.38 802907.5 - 824544.7 2s22psCZP"3J2)4s - 2s22psfP3i2)4p 2[%)0_ 2[%1 1- 2 Al 
5 4626.06 4626.19 806 234.9 - 827844.9 2S22p 5fPin)4s - 2s22p5CZPlfl)4p 2[I/z10 _ 2[%) 1- 1 Al 
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WAVELENGTHS AND ENERGY LEVELS Of ALUMINUM 

Alv 

F I isoelectronic sequence 

Ionization energy 1240 684±20 cm- 1 (153.825 ±0.003 eV) 

The resonance-doublet wavelengths at 278 and 281 A 
and the lines measured by Artru and Brillet in the 
99 -190 A range have estimated uncertainties of 0.002 A 
[A2]. The four-place calculated wavelen$ths (95 -190 A) 
also have uncertainties of about 0.002 A and "are inter
nally consistent to 0.0005 A" [A2]. Most of the three
place observed wavelengths above 456 A have estimated 
uncertainties smaller than 0.010 A, and the two-place val
ues have uncertainties mainly between 0.01 and 0.02 A 
[A2, B3]. 

A line obsetved in the infrared spectrum of Nova Cygni 
1975 was classified as the 2s22p5 2PE/2 - 2pY/2 magnetic
dipole transition in AI v [G2]. The observed wavenumber 

Alv 

Mult. ReI. Vac. Wavelength (A) Levels (cm-I) 
No. Int. ObseIVed Calculated Lower Upper 

50g 85.662 85.662 0 - I 167380 
350g 85.804 85.804 0 - 1 165450 

I Og,bl 85.922 {85.915 3442 - I 167380 
85.922 0 - 1163850 

lOOg 87.020 87.020 0 - I 149160 

50g 87.279 87.274 3442 - 1 149260 
lOOg 88.425 88.425 0 - I 130900 
400g,bl 88.539 88.547 0 - 1 129350 
100g 88.636 88.636 3442 - 1 131 650 
200g,bl 88.688 88.688 0 - 1 127550 

50g 88.817 88.817 3442 - 1 129350 
Ig 88.945 88.945 3442 - 1127730 

250g,bl 90.630 90.631 0 - 1103380 
lOUg 90.646 90.646 0 - 1 103 190 
200g 90.701 90.700 0 - 1 102540 

200g 90.914 90.914 3442 - 1 103380 
50g 90.982 90.984 3442 . - 1102540 
109 91.078 91.078 3442 - 1 101 400 
50g 91.750 91.747 0 - 1089957 
109 92.039 92.037 3442 - 1089957 

20g 93.654 93.653 0 - 1067770 
350g 93.755 93.755 0 - 1066610 
200g 93.855 93.856 0 - 1065460 
70g 93.880 93.882 0 - 1065170 

300g 93.955 93.956 3442 - 1067770 

100g 93.981 93.981 0 - 1064050 
70g 94.089 94.089 0 - 1062820 

120g 94.117 94.117 0 - 1 062510 
l00g 94.160 94.160 3442 - 1065460 
l00g 94.187 94.186 3442 - 1065 170 

is 0.9% greater than the predicted value of 3442 ± 3 cm-] 
but this discrepancy is apparently within the error of the 
astronomical measurement. 
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Configurations Terms J Ref. 
Values 

2s22p 5_ 2s22p4(l0)5d 2po _ 28 %-% F2 
2s22p 5 - 2s22p4caP)6d 2po _ 20 %-% F2 
2s22p 5 - 2s22p4(l0)5d 2po _ 28 112- % F2 
2s22p 5 - 2s22p4('JP)6d 2po_ 20 %-% 
2s22p 5 - 2s22p4(l8)4d 2po_ 20 %-% F2 

2s22p 5 _ 2s22p4(18)4d 2po _ 20 1/2-% F2 
2s22p 5 _ 2s22p4caP)5d 2po_ 20 %-% F2 
2s22p 5 - 2s22p4caP)5d 2po _ 20 %-% F2 
2s 22p 5 - 2s 22p 4('JP)5d 2po _ 2p 1/2-% F2 
2s 22p 5 _ 2s22p4caP)5d 2po _ 40 %-% F2 

2s 22p 5 - 2s22p4fp)5d 2po_ 20 1/2-% F2 
2s 22p 5 - 2s22p4(lp)5d 2po_ 4D %-% F2 
2s 22p 5 - 2s 22p"(lO)4d 2po _ 2p %-% F2 
2s 22p 5 _ 2s22p4(10)4d 2po _ 20 %-% F2 
2s22p 5 - 2s22p4[10)4d 2po _ 28 %-lJz F2 

2s 22p 5 - 2s22p4(lO)4d 2po _ 2p 1/2-% F2 
2s22p 5 - 2s22p4(lO)4d 2po _ 28 %- 1/2 F2 
2s22p 5 - 2s22p4('D)4d 2po _ 2p 1/2- % F2 
2s22p 5 - 2s22p4(l8)4s 2po _ 28 %-% F2 
2s22p 5 - 2s22p4(18)4s 2po_ 28 Ih- 1/2 F2 

2s22p 5 - 2s22p"('JP)4d 2po _ 2p %-% F2 
2s 22p 5 _ 2s 22p 4(lP)4d 2po _ 20 %-% F2 
2s22p 5 - 2s22p4(lp)4d 2po _ 20 %-% F2 
2s22p 5 - 2s22p4('JP)4d 2po _ 2p %- 1/2 F2 
2s22p 5 _ 2s22p4('Jp)4d 2po _ 2p 1/2-% F2 

2s 22p 5 - 2s22p4(lP)4d 2p<' _ 4p %-% F2 
2s22p 5 _ 2s22p4(lp)4d 2po _ 40 %-% F2 
2s 22p 5 - 2s22p4(lP)4d 2po _ 40 %-% F2 
2s 22p 5 - 2s 22p 4fP)4d 2po_ 20 1/2-% F2 
2s22p 5 _ 2s22p4('JP)4d 2po _ 2p %-112 F2 



SiS V. KAUFMAN AND W. C. MARTIN 

AI v - Continued 

Mult. Rei. Vac. Wavelength (A) Levels (em-I) Configuratioru!J Tenu~ J Ret. 
No. Int. Observed Calculated Lower Upper Values 

109 94.321 94.321 3442 - 1063650 2sz2p 5 _ 2s 22p4(1P)4d 2po _ 4p 1/z- % F2 

109 94.394 94.395 3442 - 1062820 2sz2pli _ 2s22p4(1P)4d 2p"_ 'D lh- s/2 F2 
30g 95.835 95.8323 0 - 1043490 2sl/2p 5 - 2s22p4ctD)4s 2po_ 2D %.-%. F2 
20g 96.150 96.1489 3442 - 1043495 2sz2p5 - 2s22p4(lD)4s 2po_ zD %-% F2 
20g 99.200 99.1992 0 - 1008073 2s z2p 5 _ 2s22p 4fp)4s 2po_ 2p %-lla F2 

109 99.277 99.276 0 - 1007290 2s22p 5 - 2s22p4(lS)3d zpo_ zD %-% A2 
1000 99.290 99.290 0 - 1 007 146 2s22pli _ 2sz2p'(lS)3d 2po_ zD %-% A2 
40g 99.425 99.4243 0 - 1005790 2s 22p 5 _ 2s22p4caP)4s 2po_ 2p %.-% A2 
80g 99.541 99.5390 3442 - 1008073 2s22p 5 _2s22p 4('JP)4s 2[>"_ zp %-% A2 
SOg 99.614 99.617 9442 - 1 1)07290 2&221'5 _ 2s22p4(IS)9d 2po_ 20 l/a -- a/a A2 

109 99.774 99.7657 3442 - 1005790 2s 22p5 _ 28 22p4(-lP)4s 2po_ 2p %-% A2 
8GOg 103.B05 {IOa.B035 0 - 963359 28 22p 5 _ 2s 22p4(lD)3d 2po_ 2F %-% A2 

103.8078 0 - 963319 2822»5 _ 2s22»4(1D)3d 2po_ 2D 3/,._ 3/? 

4009 103.882 103.B820 0 - 962631 2sz2p 5 _ 2s22p4ctD)3d 2po_ 2D %- 5/2 A2 
150g 103.992 103.9892 0 - 961638 2s 22p 5 _ 2s22p4eD)3d 2po_ 2p %_11z A2 

250g 104.072 104.0727 0 - 960868 2s22p 5 _ 2s22p4eO)3d 2po_ 2p %-% A2 
200g 104.122 104.1217 0 - 960415 2s22p 5 _ 2s22p4eO)3d 2p" _ ZS %_llz A2 
250g 104.181 104.1800 3442 - 963319 2s22p 5 _ 2s22p4ctO)3d 2p"_ 2D %-% A2 
200g 104.362 104.3628 3442 - 961638 2s 22p 5 _ 2s 22p4('0)3d 2p"_ zp %-% A2 
100g 104.447 104.4468 3442 - 960868 2sz2p 5 _ 2sz2p4eD)3d zp"_ zp 1/Z_% A2 

150g 104.496 104.4962 3442 - 960415 2s22p 5_ 2sz2p4(lD)3d zpo_ 2S I/Z- l/Z A2 
200g 107.711 107.7113 0 - 928408 2s z2p 5 _ 2sZ2p4rp)3d zpo_ 2p %.-% A2 
600g 107.948 107.9461 0 - 926388 2sz2p5 - 2s22p4(lp)3d Zpo_ 20 %.-% A2 
1509 108.005 108.0037 0 - 9258D.f 2&221'5 . . 2s 2,2p4rp)3d zpo._ 2p %-1J~ Ail 

3000 108.059 108.0576 0 - 925432 2s 22p s _ 2s22p4rp)3d 2pa_ zD %-% A2 

300g lOB.lI3 lOS.1121 3442 - 928408 2s 22p 5 - 2s22p 4C:P)3d Z£",_ ZP 112_% A2 
lOOa 108.316 108.3157 0 923227.2 2s 221> 5 _ 2s22l>4(:Jp)3d 21>"_ 4p 3/'.1_ 5/'.1 A2 
150g 108.388 108.3882 0 - 922610 2s22ps _ 2sZ2p4rp)3d 2p"_ zF %-% A2 
1500 108.406 108.4067 3442 - 925894 2s 22p 5 - 2s22p 4(1P)3d Zpo_ 2p %-% A2 
500 108.445 108.4443 0 - 922 132.8 2s 22p 5 _ 2s22p4(1p)3d 2p"_ 4p %-% A2 

200g 108.462 108.4610 3442 - 925432 2s22p5 _ 2sz2p4('1P)3d 2p"_ 2D 1/2- 3/Z A2 
20g 108.530 108.5287 0 - 921415.4 2sz2ps _ 2s 22p4rp)3d 2po_ "P %-%. A2 
50g 108.617 108.6160 0 - 920675 2s22p5 _ 2s22p4(lp)3d 2p"_ 4F %.-%. A2 

200g 108.708 108.7073 0 - 919901 2s 22p 5 - 2sZ2p 4fP)3d Zpo_ 4F %-% A2 
300 108.849 108.8506 3442 - 922132.8 2s z2p 5 _ 2sz2p"rp)3d 2p"_ 4p I/Z-% A2 

10gfd 108.941 108.9356 3442 - 921 415.4 2s z2p 5 _ 2s22p 4fp)3d zP"_ 4p J/z- 9z A2 
100g 109.024 109.0236 3442 - 920675 2s22p 5 _ 2sz2p 4rp)3d 2P"_ 4F I/Z_% A2 

29 109.630 109.6296 0 ~ 913 162.7 2.1 22p 5 - 2s 22p"rp)3d Zpo_ (1) "Iz- lIz A2 
5g 109.675 109.6756 0 - 911 780.0 2sz2p5_ 2s22p4(3P)3d Zpo_ 4D %-% AZ 
19 109.730 109.7298 0 - 911 329.2 2s22p 5 _ 2s 22p.f('P)3d 2po_ 4D %-% A2 

5g 1l0.045 110.0448 3442 912 162.7 2.~22p5 _ 2.~22p4rp)M. 2po_ 4n J/s_ lIs A2 
250g 118.497 118.495 0 - 843914 2sz2p 5 _ 2s22p4[lS)3s 2po_ 2S %- liz A2 
200g 118.983 118.981 3442 - 843914 2s z2p 5 _ 2s Z2p4(lS)3s 2po_ 2S 1/2- l/z A2 
900g 125.529 125.5300 0 - 796622.4 2s z2p 5 - 2sz2p4(lD)3s Zpa_ 20 %- 5/2 A2 
800g 126.068 126.0699 3442 - 796652.9 2s22p 5 _ 2sz2p4(l0)3s 2po_ 2D I/Z_% A2 

800g 130.411 130.4134 0 - 166792.2 28z2p5 _ 2sZ2p4rp)3s zpo_ 2p %.-% A2 
1000g 130.847 130.8472 0 - 764250.4 2sz2p 5_ 2s22p 4fp)3s zpo_ 2p %-% A2 
900g 131.002 131.0015 3442 - 766792.2 2s 22p 5 - 2s22p 4(1P)3s Zp"_ 2p 1/2_ I/Z A2 
900g 131.438 131.4391 3442 - 764 250.4 2s22p 5 - 2s22p4(lp)3s zP"_ 2p 1/2 - 31z A2 

Ig 132.407 132.4087 0 - 155237.4 2s 22p 5 _ 2sz2p4('p)3s zpo_ 4p %-% A2 

500g 132.626 132.6278 0 - 753989.5 2s 22p 5 - 2s22p4(lP)3s 2po- "P 3fz-% A2 
200g 133.010 {133.0070 0 - 751 840.1 2s 22pB _ 2s22p4('p)3s 2po_ 4p %-% A2 

133.0149 3442 - 755237.4 2s 22p 5 _ 2s 22p 4(1P)3s 2po_ 4p %-% 
50g 133.233 133.2361 3442 - 753989.5 2s 22p 5 _ 2s22p4('p)3s zpo_ 4p 1/2 - % A2 
50 135.219 135.220? 358816 - I 098350? 2s2p6_ 2s2p5('p")3s zS_ 2po I/Z_ 1/2 F8 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI v - Continued 

Mult. ReI. Vae. Wavelength (1) Levels (em-I) Configurations 

No. Int. Observed Calculated Lower Upper 

100 135.617 135.618? 358816 - 1 096 180? 2s2p 6 - 2s2p5fpo)3s 

5 179.003 179.004 358816 - 917463 2s2p 6 - 2s22p4(l8)3p 
2 189.977 189.9775 358816 - 885 194 2s2p6_ 2s22p"(lD)3p 

10 190.569 190.5695 358816 - 883559 2s2p 6 - 2s22p4(lD)3p 
1000y 278.604 278.604 0 368816 2&22p 5 2&2p t'> 

900g 281.394 281.394 3442 - 358816 2s22p5 _ 2s2p 6 

15 456.08 456.079 910974.6 - 1130235 2s22p 4fp)3d - 2s22p4fP2)5j 
8 456.73 456.730 911 329.2 - 1130277 2s22p4fP)3d- 2s22p4fp2)5j 

10 457.00 457.001 911 780.0 - 1130598 2s22p4rp)3d - 2s22p4(lP2)5J 
10 463.51 {463.506 955751 - 1171 498 2s22p4(lD)3d - 2s22p4(lDz)5j 

463.514 955755 - 1171 498 2s22p4(lD)3d- 2s22p"(lD2)5j 

8 466.24 466.242 918757 - 1 133238 2s22p 4fP)3d - 2s 22p "fp J)5j 
20 469.24 469.239 917612 - 1 130723 2s22p4fp)3d- 2s22p4capz)5J 
5 471.34 471.336 921075 - 1 133238 2s 22p 4fP)3d - 2s 22p 4(3p J)5j 
5 471.74 471.740 918757 - 1 130738 2s22p 4fp)3d- 2s22p"caP2)5j 
8 474.75 474.750 922610 - 1 133247 2s22p4fp)3d - 2s22p"fPl)5j 

8 475.63 475.632 923227.2 - 1 133474 2s22p4(3p)3d_ 2s22p4f pl)5j 
10bl 479.02 {479.014 963364 - 1 172 116 2a22p 4(ID)3d - 2a 22p4(ID;::)6J 

479.026 963359 - 1 172 116 2s22p4(lD)3d- 2s 22p"(lD2)5j 
5 536.73 536.732 818136.3 - 1004449 2s 22p 4('P)3p - 2s 22p "(,P)4s 
3 538.90 538.903 817364.9 - 1002927 2s 22p 4('P)3p - 2s 22p 4('P)4s 

" 

3 541.161 541.153 818136.3 - 1002927 2s22p 4('P)3p - 2s22p 4('P)4s 
20 543.572 543.581 818961.6 - 1002927 2s 22p 4fp)3p - 2s 22p 4('P)4s 
50 544.29 544.300 817364.9 - 1001087 2s22p4rp)3p- 2s22p4fP)4s 
40 546.60 546.596 " 818136.3 - I 001 087 2s22p4~p)3p - 2,s22p4(lp)4s 
30 561.40 561.400 865368.9 - 1043495 2s22p4(lD)3p - 2s22p4(1D)4s 

m 562.730 865784.9 - 1043490 2s22p4(1D)3p - 2s22p4(lD)4s 
20 566.847 566.849 828035.1 - 1004449 2s22p4('p)3p - 2s22p4('p)4s 
60 568.492 568.498 827025.0 - 1002927 2s22p 4fP)3p - 2s22p 4fP)4s 
20 568.629 568.625 828586.1 - 1004449 2s22p 4('P)3p - 2s 22p 4fp)4s 

100 570.364 570.353 825757 - 1001087 2s22p4(:lp)3p - 2s22p4(:lp)4s 

15 571.76 571.782 828035.1 - 1002927 2s 22p 4fp)3p - 2s 22p 4('P)4s 
5 574.499 574.508 827025.0 - 1 001 087 2s22p4('P)3p - 2s22p4('p)4s 
8 574.77 574.751 834084.7 - 1008073 2s22p 4(:lP)3p - 2s 22p 4('P)4s 

50 575.473 575.465 832017.6 - 1005790 2s 22p 4(:lP)3p - 2s 22p 4caP)4s 
2 579.53 579.529 917403 - 1 089957 2s22p4(8)3p - 2s22p4(8)4s 

5 579.73 579.730 917463 - 1 089957 2s 22p4(l8)3p- 2s22p4(l8)4s 
10 582.395 582.393 834084.7 - 1005790 2s 22p "(,P)3p - 2s 22p 4('P)4s 
10 584.334 584.332 836937.4 - 1008073 2s 22p 4rp)3p - 2s 22p 4caP)4s 
20 585;61 585.629 835033.3 - 1005790 2s 22p 4fp)3p - 2s 22p "fp)4s 
4 588.371 588.390 838117.8 - 1008073 2s 22p 4fp)3p - 2s 22p 4(3p)4s 

8 590.078 590.078 874026.0 - 1043495 2s22p4(lD)3p- 2s22p4ctO)4s 
10 590.98 590.982 874280.1 - 1043490 2s22p 4(10)3p - 2s 22p 4(1 D)4s 
4 592.24 592.233 836937.4 - 1005790 2s 22p 4fP)3p - 2s 2~p 4fP)4s 
8 605.03 605.031 837646.2 - 1 002927 2s 22p 4('P)3p - 2s 22p "ep)4s 

15 620.460 620.460 911 329.2 - 1072500 2s22p "ep)3d - 2s 22p "epoHf 

10 622.02 622.017 910974.6 - 1 071 742 2s22p4ep)3d- 2s22p"ep1Hf 
10 623.39 623.392 911 329.2 - 1 071 742 Zsll2p 4(3p)3d - Zs 112p 4(3p lHf 

20 623.749 623.743 910974.6 - 1071 297 2s22p 4fP)3d- 2s22p 4(3P1Hf 
25 627.400 627.396 911 780.0 - 1071 169 2s22p"ep)3d- 2s22p"('P1Hf 
25 629.062 629.060 912 162.7 - 1071 130 2s22p"ep)3d - 2s22p"fpl Hf 

8 635.64 635.628 911329.2 - 1068654 2s22p4(3P)3d_ 2s22p 4ep2Hf 
10 636.008 636.001 910974.6 - 1068207 2s 22p 4fP)3d - 2s z2p 4fP2Hf 
30 636.552 636.548 910974.6 - 1068072 2s22p4fp)3d- 2s22p4fp2Hf 
90 636.708 636.710 810874.0 - 1005 03Z U 2 Zp 4ef)3d- Zs 2 2PYlf2)'V 
30 637.675 637.675 911 329.2 - 1 068 149 2s22p4fP)3d - 2s22p"ep2Hf 

Terms 

28_ 2po 
2g_ 2po 
28 _ 2po 
28_ 2po 

2.p> 2.S 

2po_ 28 
4D_ 2[4r 
4D_ 2[4r 
4D_ 212)° 
zG_ 2[5]° 
2G_ 2[5]° 

"F- 2(4]° 
"F- 2{510 

2F_ 2[4r 
4F_ 2(5)° 
2F_ 2[4r 

4p_ 2[310 
2p_ 2[4]0 
2F_ 2[4]° 

4po _ 4p 
4po _ 4p 

4po _ 4p 
4po_ 4p 
4po_ 4p 
4p"_ 4p 

2?_ 2D 

2?_ 2D 
4Do_ 4p 
4Do_ 4p 
4Do_ 4p 
"Do_ "p 

41)" _ 4p 
41)"_ 4p 
2DI>_ 2p 
2Do_ 2p 
2po_ 28 

2po_ 28 
21)" _ 2p 
2po _ 2p 
2po _ 2p 
2SO_ 2p 

20°_ 2D 
2Do_ 2D 
2po_ 2p 
480_ "p 
4D_ 2[3]° 

4D_ 2(3]0 
4D-Il[3r 
"D- 2(4]0 
40_ 2[2]° 
4D_ 2[2r 

4D_ 2[2t 
" 40_ 2(3]° 

4D_ 2{4JI> 
4D_ 2[4r 
40 _ 2(3)0 

J 
Values 

J/2-% 
J/2_% 
%-% 
J/2-%. 
3/~ _ 1/~ 

%- J/2 

%-% 
%-% 
3J2- 3/2 
%-% 
%- ll/z 

%-% 
9/2 - Jlh 
%-% 
%-% 
%-% 

%-11z 
%._9lt. 

%-% 
%-% 
%-% 

%-% 
J/z_ % 
%-% 
312_ fih 

%-% 

%-% 
%-% 
%-% 
%- liz 
7/2- 5/2 

%-% 
%-% 
%-1/2 
5/2_ 3/2 
%-1/2 

%- liz 

%-% 
3/2 - 1/2 

1/2_% 
%-% 

%-% 
%.-5fz 
%-% 
%-% 
%-% 

%-% 
%-% 
%-% 
%-% 
%- 31z 

5/2- 51z 
%- 7/z 
%-% 
%- °12 
%_ 512 

Re" 

F 
A 
A 
A 
A 

A 
B 
B 
B 
B 

B 
B: 
B 
B 
B 

B 
n: 

);. 

};. 

};. 

};. 

}j 

Aj 

M 

M 
M 
M 
M 
M 

M 
M 
M 

M 

A2 
A2 
A2 
A2 
A2 

A2 
A2 
A2 
A2 
sa 

sa 
B3 
sa 
B3 
B3 

B3 
B3 
sa 
D3 
B3 



AI v - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (cm-I) Configurations Terms J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

80 637.984 637.988 911 329.2 - 1068072 2s22p "fP)3d - 2s 22p "fP~4f 4D_ 2(4)° %-% B3 

30 638.147 638.146 911 780.0 - 1068484 2s22p"fp)3d- 2s22p"fp2Hf 4D_ 2(2)° %-% B3 
50 639.518 639.513 911 780.0 - 1 068 149 2s22p"fp)3d - 2s22p4fP2)4f 4D_ 2(3)° %-% B3 
30 639.712 639.708 912162.7 - 1068484 2s22p "fP)3d - 2s22p "fP2Hf 4D_ 2(2)° 112-% B3 

25 646.009 645.995 955751 - 1110551 2s22p4etD)3d- 2s22p4etD2)4f 2G_ 2(4)° B3 

100 651.204 651.194 955751 - 1109315 2s22p4(ID)3d_ 2s22p4(1D2Hf 2G_2(5)0 B3 

5 653.66 653.659 918757 - 1071 742 2s22p 4fP)3d - 2s22p 4fP IHf 4F_ 2(3)° %-% B3 
10 655.300 655.312 919901 - 1072500 2s22p 4fP)3d - 2s22p 4fPo)4f "F- 2(3)° %_ 7/2 B3 
65 655.564 655.566 918757 - 1 071 297 2s22p 4fP)3d - 2s 22p "fP 1)4f 4F_ 2(4)° %-% B3 

1 658.42 658.428 919901 - 1071 778 2s22p "fP)3d - 2s22p "fP1)4f 4F_ 2(3)° %-% B3 

60bl 658.56 658.558 920675 - 1072522 2s22p 4(3P)3d - 2s22p 4fPo)4f 4F_ 2[3]° %-% B3 

70bl 660.36 660.371 919901 - 1 071 331 2s22p 4fP)3d - 2s22p "ep IHf 4F_ 2[4Jo %-712 B3 

100 660.964 660.965 917 612 - 1068906 2s22p"(3p)3d- 2s22p"fP2Hf 4F_ 2[5Jo %_11/ B3 
50 661.803 661.800 920675 - 1071 778 2s22p 4fP)3d- 2s22p 4ePIHf "F- 2(3)° %-% B3 
6 663.72 663.715 921075 - 1 071 742 2s22p "('JP)3d - 2s 22p 4('JP IHf 2F_ 2[3]° %_7/1l B3 

50 664.804 664.805 911612 - 1068032 2s22p 4fP)3d- 2s22p 4fP2)4f 4F_ 2[4}0 %-% B3 
90 665.615 665.681 921075 - 1071 291 2s22p 4fP)3d - 2s22p "caP JHf 2F_ 2(4]° %-% B3 
00 666.938 665.999 918757 - 1068921 2s22p"('JP)3d - 2s22p"('JPzHf "F- 2(5]° 7/1l _% B3 

70 667.156 667.156 922610 - 1072500 2s 22p "fP)3d - 2s22p "fPo)4f 2F_ 2[3)° %-1/2 B3 
50 661.944 667.938 921415.4 - 1071130 2s 22p 4fP)3d - 2s22p "caP IHf 4p_ 2[2}0 112- % B3 

1 668;26 668.217 922132.8 - 1071 778 2s22p4(1P)3d - 2s22p4('JPIHf 4p_ 2(3]0 %-% B3 

25 669.720 669.725 918757 - 1068072 2s22p 4fP)3d- 2s22p"fP2Hf 4F_ 2[4}0 %-% B3 
10 669.92 669.914 923227.2 - 1072500 2s 22p "ep)3d - 2s22p "fPoHf "P_ 2(3)° %-% B3 
20 670.546 670.547 922610 - 1 071 742 2s22p"fP)3d- 2s22p"fPIHf 2F_ 2[3Jo %-% B3 
50 670.977 670.978 922132.8 - 1071 169 2s22p 4fp)3d - 2s 22p "fP 1)4f 4p_ 2[2Jo %-% B3 

40 673.104 673.106 960868 - 1109433 2s22p4(1D)3d- 2s22p"(1D2)4f 2p_ 2[2Jo %-% B3 
70 673.325 673.334 923227.2 - 1 071 742 2s22p"fp)3d - 2s22p"fP1Hf "P- 2[3Jo %-% B3 
20 674.269 674.282 919901 - 1068207 2s22p 4fp)3d - 2s22p 4fp2)4f 4F_ 2(3)° %-% B3 
15 674.53 674.545 919901 - 1 068 149 2s22p 4fP)3d- 2s22p 4fP2Hf 4F_ 2(3)° %-% B3 
10 674.88 674.896 919901 - 1068072 2s22p4fP)3d - 2s22p 4fp2)4f 4F_ 2[4t %-% B3 

15 675.20 675.202 923227.2 - 1071 331 2s22p 4fP)3d - 2s22p 4fP lHf 4p_ 2[4Jo %-1Jz B3 
30 675.336 675.324 960415 - 1108492 2s22p4(lD)3d- 2s22p4(lD2Hf 28_ 2[It 1/2- B3 
20 675.938 675.941 923227.2 - 1071 169 2s 22p "fp)3d - 2s22p "(3p IHf "P_ 2(2)° %-% B3 
65 676.380 676.379 921075 - 1 068921 2s22p 4fP)3d - 2s22p 4fP2Hf 2F_ 2[5Jo %-% B3 
45 676.595 {676.595 961638 - 1109 437 2s22p4(lD)3d- 2s22p4(lD2)4f 2p_ 2[2)0 1/2-% B3 

676.606 921415.4 - 1 069212 2s 22p 4fP)3d - 2s 22p 4fP2Hf 4p_ 2[1)0 1/2 -% 

40 676.838 676.839 921415.4 - 1069 161 2s22p 4fP)3d- 2s22p 4fP2Hf 4p_ 2[1)0 1/2 - 112 B3 
66 677.248 677.246 962631 - 1 110288 2s 22p4(1D)3d- 2s22p4(1D2Hf 2D- 2[3]° %-% B3 
20 677.377 677.391 960868 - 1 108492 2s 22p"(1D)3d- 2s22p4(1D2Hf 2p_ 2[1)0 %- B3 

100 679.373 {679.362 963354 - 1 110551 2s22p4eD)3d- 2s22p4etDzHf 2F_ 2[41° %-% 83 
679.385 963359 - 1 110551 2s 22p ole D)3d - 2s22p "e DzHf 2F_ 2(4)° %-% 

10 679.659 679.662 921075 - 1 068207 2s22p"fP)3d - 2s22p 4fP2Hf 2F_ 2[3}0 712-% B3 
30 679.909 679.906 922132.8 - 1069212 2s22p 4fP)3d- 2s22p 4fP2Hf 4p_ 2[1]0 %-% B3 

1 680.15 680.142 922132.8 - 1069161 2s 22p 4fP)3d - 2s22p 4fP2Hf 4p_ 2[11° %-!Jz B3 
40bl 680.41 680.416 963319 - 1 110288 z.s22p-feD)3d - z.s22p 4CD2Hf 2D_ 2(3)" %-"'/z B3 
10bl 680.44 680.471 921075 - 1068032 2s22p 4fp)3d- 2s22p 4fp2Hf 2F_ 2(4)° 1Jz-% B3 

50 680.586 {680.578 963354 - 1 110288 2s22p "et D)3d - 2s 22p 4et D2Hf 2F_ 2(3)° %-% B3 
680.601 963359 - 1 110288 2s22p 4etD)3d- 2s22p"(lD2Hf 2F_ 2[3Jo %-% 

5 680.955 680.948 961638 - 1 108492 2s22p4(1D)3d- 2s22p4(1D2)4f 2p_ 2[It 112- B3 
40bl 681.22 681.190 962631 - 1 109433 2s22p4(lD)3d- 2s22p4(lDzHf 2D _ 2(2)° %-% B3 
15 682.496 682.495 922132.8 - 1068654 2s22p 4fP)3d - 2s22p"fP2Hf 4p_ 2[2t %-% B3 

25bl 683.31 683.312 925432 - 1071 778 2s22p 4fP)3d - 2s22p 4fP 1)4f 2D_ 2(3)° %-% B3 
60 684.402 {684.397 963319 - 1 109433 2s22p4(lD)3d- 2s22p4(lD2Hf 2D_ 2(2)° %-% B3 

684.406 926388 - 1072500 2s22p 4fp)3d - 2s22p 4fPoHf 2D_ 2[3]° %-% 
1 684.58 {684.561 963354 - 1 109433 2s22p4(1D)3d- 2s22p 4eD2Hf 2F_ 2[2]° %-% B3 

684.566 963359 - 1 109437 2s22p4(lD)3d- 2s22p4(lD2Hf 2F_ 2(2)° %-% 
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WAVELENGTHS AND ENERGY LEVELS Of ALUMINUM 821 

AI v - Continued 

Mult. ReI. Vac. Wavelength CA) Levels Cern-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

5 684.74 684.725 922610 - 1068654 2s 22p 4fp)3d - 2s22p 4fPz)4f 2F_ 2(2jD %-% B3 
5bl 685.58 685.584 962631 - 1 108492 2s 22p 4(1 D) 3d - 2s22p 4(1 DzHf 2D _ 2[1)0 %-% B3 

10 686.169 686.168 925432 - 1 071 169 2s22p4(lP)3d- 2s22p4(lPIHf 2D_ 2(2)° %-% B3 
60 686.827 686.827 922610 - 1068207 2s 22p 4fp)3d - 2s22p 4fp2)4f 2F_ 2[3)° %- 71z B3 

1 687.81 687.805 926388 - 1 071 778 2sl::2p 4ep)3d - 2sl::2p 4ep IHf l::D_ <:[3)° %- 61z B3 

25 688.531 688.535 925894 - 1 071130 2s22p 4fp)3d - 2s22p 4rp IHf 2p _ 2[2)0 %-% B3 
1 689.76 689.751 923227.2 - 1068207 2s22p 4fP)3d- 2s22p"fp2Hf 4p_ 2(3)° %- 71z B3 

60 689.927 689.926 926388 - 1 071 331 2s22p 4(lP)3d - 2s22p 4fP l)4f 2D _ 2[4)° %-1Jz B3 
60 693.896 693.895 928408 - 1 072522 2s 22p 4fp)3d - 2s22p 4rpoHf 2p_ 2(3)° %-% B3 
60 697.491 697.496 928408 - 1 071 778 2s22p 4ep)3d- 2s22p4rPl)4j 2p_ 2(3Jo %-% B3 

40 697.751 697.749 925894 - 1069212 2s22p 4fP)3d- 2s22p 4fPzHf 2p_ 2[1)0 %-% B3 
50 698.218 698.217 925432 - 1068654 2s22p 4fP)3d - 2s22p 4rpzHf zD_ 2[2)° %-% B3 
30 700.473 700.471 928408 - 1 071169 2s 22p 4(lP)3d - 2sz2p 4(lP IHf 2p _ 2(2)° %-% B3 
40 700.680 700.687 925432 - 1 068 149 2s22p4(lp)3d- 2s22p4rp2Hf zD_ 2(3)° %-% B3 
5 701.315 701.311 925894 - 1068484 2s22p"(lP)3d- 2s22p 4(3pzHf 2p_ 2(2)° 112_% B3 

70 705.127 705.124 926388 - 1068207 2s 22p "(lP)3d - 2s z2p 4fPzHf 2D_ 2(3)° %-% B3 
30 826.826 826.832 764250.4 - 885 194 2s22p 4fP)3s- 2s22p4(1D)3p 2p_ 2po %.- liz A2 
80 838.156 838.163 764250.4 - 883559 2s22p"(3P)3s_ 2s22p4(lD)3p 2p_ 2po %-% A2 

m 844.582 766792.2 - 885194 2s Z2p4ep)3s- 2s 22p 4eD)3p 2p_ 2po %-% A2 
50 856.394 856.408 766792.2 - 883559 2s 22p4fP)3s- 2s 22p"(lD)3p 2p _ 2po 1/2-% A2 

60 944.62 944.623 817364.9 - 923227.2 2s 22p"rp)3p - 2s 22p"rp)3d "po _ 4p %-% A2 
40 951.55 951.557 818136.3 - 923227.2 2s22p 4rp)3p - 2s 22p "(3p)3d "po _ 4p %-% A2 
40 954.49 954.491 817364.9 - 922132.8 2sz2p "('JP)3p - 2s 22p 4("P)3d 4po_ 4p %-% A2 
2 961.54 961.571 818 136.3 - 922 132.8 2s 22p 4rp)3p - 2s 22p "rp)3d "po_ 4p %-% A2 

40 968.25 968.250 818136.3 - 921 415.4 2s22p4(3p)3p _ 2s22p"fP)3d "po _ "p %-% A2 

30 969.26 969.263 818961.6 - 922132.8 2s 22p"fP)3p- 2s22p 4fp)3d "po _ "p 112_% A2 
2 976.05 976.050 818961.6 - 921 415.4 2s 22p 4('JP)3p - 2s 22p 4('Jp)3d 4po _ 4p I/Z _ %. A2 

20 1020.52 1020.51 865368.9 - 963359 2s22p4(1D)3p - 2s22p"(lD)3d 2fO_ 2F %-% A2 
50 1024.91 1024.92 865784.9 - 963354 2s22p4(1D)3p - 2s22p4(lD)3d 2fO_ zF %-% A2 
5 1028.17 1028.15 865368.9 - 962631 2s22p4(ID)3p - 2s22p4(lD)3d 2F'_ 2D %-% A2 

1 1057.36 1057.36 828035.1 - 922610 2s 22p .cfP)3p _ 2s22p4(lp)3d "Do- 2F %-% A2 
2 1059.14 1059.153 817364.9 - 911 780.0 2s 22p4ep)3p - 2s22p 4ep)3d 4po _ .cD %-% A2 
5 1059.65 1059.65 832017.6 - 926388 2s 22p 4fP)3p - 2s 22p 4ep)3d 2Do_ 2D %-% A2 
3 1063.27 1063.26 827025.0 - 921075 2s 22p 4(3P)3p _ 2s22p 4rp)3d 4Do_ 2F %- 7/2 A2 

10 1063.53 1063.531 818136.3 - 912 162.7 2s 22p 4ep)3p - 2s 22p 4ep)3d "po _ 4D %-1/2 A2 

70 1064.24 1064.234 817364.9 - 911 329.2 2s22p 4ep)~p - 2s 22p 4ep)3d "po _ 4D %- 51z A2 
80 1067.87 1067.877 818136.3 - 911 780.0 2s22p 4ep)3p - 2s 22p 4ep)3d 4po_ 4D %-% A2 

250 1068.26 1068.265 817364.9 - 910974.6 2s22p 4fP)3p - 2s22p4fP)3d 4po _ 4D %-7h A2 
200 1073.02 1073.043 818136.3 - 911 329.2 2s22p .crp)3p- 2s22p4ep)3d 4po _ 4D %-% A2 

10 1075.28 1075.27 825757 - 918757 2s 22p .crp)3p - 2s22p4ep)3d 4Do_ 4F %-% A2 

30 1076.73 1076.70 827025.0 - 919901 2s22p4ep)3p- 2s22p .cep)3d 4Do_ 4F %-% A2 
40 1077.35 1077.37 818961.6 - 911 780.0 2s 22p 4fp)3p - 2s22p 4fP)3d 4po _ 4D %-% A2 
30 1079.41 1079.45 828035.1 - 920675 2s22p 4ep)3p - 2s22p .cfP)3d 4Do_ 4F %-% A2 
70 1085.92 1085.91 828586.1 - 920675 2s 22p 4caP)3p - 2s 22p 4('Jp)3d "Do- 4F llz- % A2 

100 1088.52 1088.54 828035.1 - 919901 2s z2p 4ep)3p - 2s22p 4("p)3d "'Do- 4F %-% A2 

500 1088.67 1088.67 825757 - 917612 2s 22p 4rp)3p - 2s22p 4ep)3d 4no_ 4F %-% A2 
300 1090.14 1090.13 827025.0 - 918757 2s 22v 4caP)3v - 2s22J) 4caP)3d 4no_ 4F %_ 7/2 A2 

8 1093.22 1093.25 836937.4 - 928408 2s 22p 4ep)3p - 2s22p 4fP)3d ~po_ 2p %-% A2 
10 1094.75 1094.72 834084.7 - 925432 2s 22p 4(lP)3p - 2s 22p 4(lP)3d 2Do_ 2D %-% A2 
10 1100.60 1100.59 835033.3 - 925894 2s 22p 4rp)3p - 2s22p 4fp)3d 2po _ 2p Ih- liz A2 

1103.85 1103.84 832017.6 - 922610 2s 22p 4fp)3p - 2s22p 4fp)3d 2Do_ 2F %-% A2 
20 1106.20 1106.21 835033.3 - 925432 2s 22p 4fp)3p _ 2s22p 4(3p)3d 2po _ 2D %-% A2 
70 1106.41 1106.41 865368.9 - 955751 2s22p4(lD)3p - 2s22p4(lD)3d zF'_ 2(; %-% A2 
20 1107.55 1107.54 838 117.8 - 928408 2g 2?,p 4fp)3p _ 2g 22p 4ep)3d 2so_ 2p l/{)_ 3/0 A2 

100 1111.48 1111.48 865784.9 - 955755 2s22p4(lD)3p - 2s 22p4(lD)3d 2F'_ 2G 7/2 - % A2 



AI v - Continued 

Mult. ReI. Vac. Wavelength (A.) Levels (cm-1) Configurations Terms J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

20 1112.51 1112.51 917403 - 1007290 2s 22p4(lS)3p- 2s 22p4(lS)3d 2P" _ 20 J/2-% A2 

10 1115.04 1115.04 917463 - 1007146 2s22p4(lS)3p - 2s22p4(lS)3d 2P" _ 20 %-% A2 
50 1117.93 1117.94 836937.4 - 926388 2s22p 4caP)3p - 2s22p 4caP)3d 2P" _ 20 %-% A2 
30 1119.39 1119.41 874026.0 - 963359 2s22p4(lD)3p - 2s22p 4(lD)3d 2Do_ 2F %-% A2 

10 1119.94 1119.91 874026.0 - 963319 2s22p4ctO)3p- 2s22p4ctD)3d 2Do_ 2D %-% A2 

20 1121.79 1121.80 834084.7 - 923227.2 2s22p 4caP)3p - 2s 22p 4ep)3d 200_ 4p %-% A2 

50 1122.66 1122.66 874280.1 - 963354 2s 22p4(lD)3p- 2s22p4(l0)3d 20°_ 2F %-% A2 
200 1122.88 1122.87 832017.6 - 921075 2s22p4ep)3p- 2s22p 4caP)3d 20°_ 2F %-% A2 

2 1128.62 1128.60 874026.0 - 962631 2s22p4(l0)3p- 2s22p4(10)3d 20°_ 20 %-% A2 
80 1129.43 1129.42 796652.9 - 885194 2s22p4eD)3s- 2s22p 4eD)3p 20_ 2po %-% A2 

60 1129.62 1129.62 834084.7 - 922610 2s22p 4ep)3p - 2s22p 4ep)3d 20°_ 2F %-% A2 
2 1130.00 1130.01 836937.4 - 925432 2s22p 4ep)3p - 2s22p 4rp)3d 2P"_ 20 %-% A2 

10 1131.84 1131.85 874280.1 - 962631 2s22p4(l0)3p- 2s22p4(l0)3d 20°_ 20 %-% A2 
1 1139.25 1139.26 838117.8 - 925894 2s22p4ep)3p - 2s22p 4ep)3d 280_ 2p J/2- 1/2 A2 
1 1141.39 1141.40 874026.0 - 961638 2s22p4ctD)3p- 2s22p4(l0)3d 200_ 2p %_112 A2 

300 1150.30 1150.26 796622.4 - 883559 2s22p4(l0)3s- 2s 22p4(lD)3p 20 _ 2P" %-% A2 
10 1150.67 1150.67 796652.9 - 883559 2s22p4(l0)3s- 2s22p4(l0)3p 20_ 2po %-% A2 
30 1152.89 1152.88 832017.6 - 918757 2s22p 4caP)3p _ 2s22p 4(3p)3d 20°_ 4F %-% A2 
10 1154.90 1154.90 874280.1 - 960868 2s22p4(l0)3p- 2s22p4(l0)3d 200_ 2p %-% A2 

350 1165.42 1165.42 751840.1 - 837646.2 2s 22p 4ep)3s - 2s22p 4ep)3p 4p_ 4so %-% A2 

250 1168.48 1168.48 837646.2 - 923227.2 2s22p4ep)3p- 2s22p 4ep)3d 4SO_ 4p %-% A2 
200 1173.47 1173.47 825757 - 910974.6 2s22p 4ep)3p - 2s22p 4ep)3d 40°_ 40 %-% A2 
20 1179.86 1179.87 827025.0 - 911 780.0 2s 22p4ep)3p- 2s22p4caP)3d 4Do_ 40 %-% A2 

120 1183.62 1183.62 837646.2 - 922132.8 2s22p 4caP)3p - 2s22p 4rp)3d 4SO_ 4p %-% A2 
100 1186.18 1186.18 827025.0 - 911 329.2 2s22p 4(3p)3p - 2s 22p 4caP)3d 40°_ 40 %-% A2 

15 1188.67 1188.67 828035.1 - 912 162.7 2s22p4caP)3p- 2s22p 4ep)3d 40°_ 40 %-lh A2 
8 1191.20 1191.19 827025.0 - 910974.6 2s22p 4caP)3p - 2s 22p 4caP)3d 40°_ 40 %-% A2 

50 1193.76 1193.76 837646.2 - 921 415.4 2s22p 4ep)3p- 2s22p 4ep)3d 4So_ 4p %-1/2 A2 
10 1194.10 1194.10 828035.1 - 911 780.0 2s 22p 4ep)3p - 2s 22p 4rp)3d 40°_ 40 %-% A2 

200 1195.37 1195.36 753989.5 - 837646.2 2s22p 4ep)3s- 2s22p 4ep)3p 4p_ 4SO %-% A2 

20 1200.50 1200.GO 828035.1 - 911 329.2 2s 22p "'CP)3p - 2s 22p "'CP)3d 4Dft_ "'D 912- t:.h A2 

10 1202.00 1202.01 828586.1 911 780.0 2s 22p 4rp)3p - 2s22p 4rp)3d 4Do_ 4D lh-% A2 
50 1213.48 1213.46 755237.4 - 837646.2 2s 22p 4ep)3s- 2s22p4(lP)3p 4p_ 4so 1/2 -% A2 
3 1253.11 1253.13 883559 - 963359 2s22p4(l0)3p- 2s22p4(l0)3d 2P" _ 2F %-% A2 
2 12G3.70 12G3.70 883 GGS - 963319 ZS2Zp 4CD)3p - 2s22p 4CD)3d 2p"_ 20 %-% A2 

10 1264.67 1264.67 883559 - 962631 2s22p4(l0)3p- 2s22p4(10)3d 2P" _ 2D %-% A2 
8 1280.01 1280.00 885194 - 963319 2s22p4eO)3p - 2s22p4eO)3d 2P" _ 2D 1/2- %. A2 

500 1287.70 1287.70 196622.4 - 814280.1 ZSB2p<fCO)3s- ZS B2p"CO)3P IlD_llD" 612- % A2 
100 1288.23 1288.21 796652.9 - 874280.1 2s 22p4(l0)3s- 2s 22p4(l0)3p 20_ 2Do %-% A2 
30 1291.91 1291.93 796622.4 - 874026.0 2s 22p 4eD)3s- 2s22p4(l0)3p 20_ 2Do %-% A2 

200' 1292.44 1292.44 796652.9 - 814026.0 ZSIlZp 4CO)3s- ZsIlZP4CD)3p liD_liDO °12-% A2 
30 1293.51 1293.51 883559 - 960868 2s 22p 4eO)3p- 2s 22p4(lD)3d 2P" _ 2p %-% A2 
10 1301.13 1301.14 883559 - 960415 2s22p4ctO)3p - 2s22p4(l0)3d 2P" _ 2S %-1/2 A2 
5 1308.16 1308.15 885194 - 961 638 2s22p4(lD)3p - 2s 22p4(1D)3d 2po _ 2p 1/2- 1/2 A2 

10 1312.43 1312.42 751840.1 - 828035.1 Zs1l2p"(lP)3s- ZsIl2p"CP)3P "p_ 4D" %-% A2 

400 1330.06 1330.05 751840.1 - 827025.0 2s 22p4rp)3s- 2s22p4(3P)3p "P_ "DO %-% A2 
10 1340.52 1340.54 753989.5 - 828586.1 2s22p 4fp)3s - 2s 22p 4ep)3p 4p_ "n0 3/2 - Jta A2 

400 1350.518 1350.519 753989.0 - 828035.1 ZSz2p"ey)3S- ZSz2p"eY)3p 41'- "ug %-% A2 

m 1352.87 751840.1 - 825757 2s22p4ep)3s- 2s22p4rp)3p 4p_ 4Do %-%. A2 
bl 1353.745 1353.777 764250.4 - 838117.8 2s 22p 4ep)3s - 2s22p 4ep)3p 2p_ 2go %-11z A2 

150 1359.64 1359.64 843914 - 917 463 ZSllZp 4C:S)3S- ~llzp4e:S)3p Z:s _ llP" 112- 312 A2 

400 1363.351 1363.351 755237.4 - 828586.1 2s 22p 4(3p)3s_ 2s22p 4ep)3p 4p_ 4Do 1/2- 1/2 A2 
600 1369.20 1369.20 753989.5 - 827025.0 2s22p 4rp)3s - 2s 22p 4rp)3p 4p_ 400 %-% A2 
300 1373.70 1373.67 755237.4 828035.1 2s22p4ep)3s- 2s22p4(lP)3p 4p_ 400 1/2- % A2 
100 13'{b.W 13'{b/{ij 704 ~5U.4 - ~::Jij U::J7.4 zsZ~p4ep)3s- ZSZ2p4("P)3p IIp_llpo "Ia-"Ia A2 
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WAVELENGTHS AND ENERGY LEVELS Of ALUMINUM 823 

AI v - Continued 

Mult. ReI. Vae. Wavelength (A) Levels (em-I) Configurations Tenns J Ref. 
No. Int. Observed Calculated Lower Upper Values 

100 1402.021 1402.021 766792.2 - 838 117.8 2s22p "rp)3s - 2s22p4rp)3p 2p_ 280 %-% A2 
100 1412.772 1412.771 764250.4 - 835033.3 2s 22p"rp)3s- 2s22p"rp)3p 2p_ 2po %-% A2 
80 1425.64 1425.61 766792.2 - 836937.4 2s22p"ep)3s- 2s 22p"C:P)3p 2p_ 2po '/2- % A2 

m 1431.96 764250.4 - 834084.7 2s22p"rp)3s - 2s22p"(3p)3p 2p_ 2Do %-% A2 
400 1445.87 1445.87 796622.4 - 865784.9 2s22p"eD)3s- 2s22p"(1D)3p 2D_ 2F" %- 71z A2 

30 1454.65 1454.62 796622.4 - 865368.9 2s 22p"eD)3s- 2s22p"(lD)3p 2D_ 2F" %-% A2 
300 1455.265 1455.265 796652.9 - 865368.9 2s22p"eD)3s- 2s22p"(1D)3p 2D_ 2F" %-% A2 

10 1465.392 1465.393 766792.2 - 835033.3 2s22p "ep)3s - 2s 22p 4ep)3p 2p_ 2po %-% A2 
600 1475.64 1475.64 764250.4 - 832017.6 2s22p "rp)3s - 2s22p "rp)3p 2p_ 2Do %-% A2 
300 1486.05 1486.05 766792.2 - 834084.7 2s 22p "rp)3s - 2s22p "ep)3p 2p_ 2Do '/z-% A2 

700 1508.37 1508.38 751840.1 - 818136.3 2s22p "rp)3s - 2s22p 4rp)3p 4p_ 4po %-% A2 
1000 1526.14 1526.14 751840.1 - 817 364.9 2s 22p "ep)3s - 2s22p "rp)3p "P- "po %-% A2 
500 1539.124 1539.122 753989.5 - 818961.6 2s 22p ~rr)3s - 252Zp ~rr)3p ~r- 4p" , %-'12 A2 
150 1558.92 1558.92 753989.5 - 818136.3 2s22p "rp)3s - 2s22p "(3P)3p "P- "PO %-% A2 
50 1569.25 1569.26 755237.4 - 818961.6 2s22p"ep)3s - 2s22p"ep)3p "P- "po 1/2 - 'Iz A2 

300 1517.90 1511.90 753989.5 - 811364.9 2s 92p .f(lr)3s - 2s 92p .f(lr)3p .fp_ "'P" %-% A2 

10 1579.38 1579.38 1108492 - 1171 808 2s22p"ctD2Hf- 2s22p"eD2)5g 2[1]0 _ 2[2] B3 
350 1589.87 1589.85 755237.4 - 818136.3 2s 22p 4ep)3s - 2s22p 4ep)3p "P_ 4po llz- % A2 

40 1592.62 1592.56 1068032 - 1130824 2s22p"ep2Hf- 2s22p4rp2)5g 2(4)0- 2(5) %- 11/2 B3 
20 1593.54 1593.58 1068012 - 1 130824 2s 92p .f(9P2Hf- ZsIl2p"'cnP2)5g 1l[4}"_1l[5] 'th-flh lS3 

20 1595.46 1595.46 1 068 149 - 1 130827 2s22p4(3P2)4j - 2s22p4caP2)5g 2(3)0- 2(4) %- 71z B3 
60 1596.95 {1596.93 1068207 - 1130827 2s22p4(3P2Hf- 2s22p4ep2)5g 2[3]0_ 2[4] %- B3 

1596.96 1 109315 - 1 171 934 2s22p4eD2Hf- 2s22p4(1D2)5g 2[5]0_ 2[6] 
20d 1602.03 {1602.02 1 071 130 - 1 133551 2s22p4(3P,Hf- 2s22p"(3P1)5g 2[2r- 2(3) %-% B3 

1602.02 1068484 - 1 130905 2s22p"ep2Hf- 2s22p4caP2)5g 2[2]0_ 2[3] %-% 

10 1621.36 1621.35 1 110551 - 1172228 2s22p4(1D2Hf- 2s22p4(1D2)5g 2(4)0_2[5) B3 

Air Wavelength (A) 

20 2479.75 2479.72 796622.4 - 836937.4 2s22p 4eD)3s- 2s22p 4ep)3p 2D_ 2po %-% A2 
5 2481.60 2481.60 796652.9 - 836937.4 2s22p 4eD)3s - 2s22p4ep)3p 2D_ 2po %-% A2 

10 2604.71 2604.72 796652.9 - 835033.3 2s22p4(1D)3s- 2s22p4(3P)3p 2D_ 2po %-1/2 A2 

Wavenumber (em-I) 

Ml 3473 3442 0 - 3442 2s22p 5 _ 2s22p 5 2po_ 2po %-1/2 G2 
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AI VI 

o I isoelectronic sequence 

Ionization energy 1536 400±400 cm-1 (190.49±0.05 eV) 

The measurements of the wavelengths for the 
~22p4_~2p5 resonance array (221-328 A) are proba
bly accurate within a few thousandths of an A, and the 
wavelengths from [A3] for the region below 114 A have 
estimated uncertainties of 0.005 A [B3, A3]. Most of the 
wavelengths given for the region above 1049 A are prob
ably accurate to about 0.01 A [A3]. 

lubas, R., and Musgrove, A. [1985], J. Phys. Chem. Ref. 
Data 14, 786). 
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AI vi 

Mult. ReI. Vac. Wavelength (A.) Levels (cm-I) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

lOOg 72.926 72.928 0 - 1371210 2s22p4 - 2s22p 3fpo)4d? 3p_ 2- F2 
100g 73.076 73.074 2732 - 1371 210 2s22p4 - 2s22p 3fP")4d? 3p_ 1- F2 
109 74.259 74.275? 0 - 1346 350? 2s22p4 _ 2s22p3eDO)4d 3p_ IF' 2- 3 F2 
50g 74.346 74.349 0 - 1345000 2s22p4 _ 2s22p3eDO)4d 3p_ 2- F2 

300g 74.444 74.442 0 - 1343320 2s22p4 _ 2s22p 3fOO)4d 3p_ 3pe 2- 2 F2 

50g 74.504 74.501 2732 - 1345000 2s22p4 _ 2s22p 3fDO)4d 3p_ 1- F2 
150g 74.592 74.594 2732 - 1343320 2s22p4 _ 2s22p 3fDO)4d 3p _ 3pe 1- 2 F2 
250g 74.656 74.658 0 - 1339440 2s22p4 _ 2s22p 3eDO)4d 3p_ 3Do 2- 3 F2 

50g 74.813 74.811 2732 - 1339440 2s22p4 _ 2s22p 3fDO)4d 3p_ 3Do 1- 2 F2 
100g 74.892 74.872 3829 - 1339440 2s22p4 _ 2s22p 3fDO)4d 3p_ 3Do 0- 1 F2 

100 75.164 75.186 41167 - 1371210 2s 22p4 - 2s22p 3fpe)4d? 10_ 2- F2 
610g 76.402 76.402? 0 - 1308 870? 2s22p4 - 2s22p 3[2PO)4s 3p _ 3pe 2- 2 VI 
200 76.618 76.618? 41167 - 1346 350? 2s22p4 _ 2s22p 3(200)4d 10_ 1....., 2- 3 F2 
200 76.697 76.697 41167 - 1345000 2s22p4 _ 2s22p 3eOO)4d 10_ 2- F2 
200 76.794 76.796 41167 - 1343320 2s 22p 4 - 2s 22p 3fOO)4d 10_ 3pe 2- 2 F2 

50 76.953 76.953? 41167 - 1340 660? 2s22p4 _ 2s22p 3eDO)4d 10_ lpe 2- 1 F2 
50 77.052 77.025 41167 - 1339440 2s22p4 _ 2s22p 3fOO)4d 10_ 30° 2- F2 

500g 77.945 77.945 0 - 1282960 2s22p4 _ 2s22p 3(48°)4d 3p_ 300 2- 3 F2 
100g 78.112 78.111 2732 - 1282960 ?~~2?p4 _ 2s22p3(4S0)4d 3p_ 3no 1- 2 F2 
50g 78.178 78.178 3829 - 1282960 2s22p4 _ 2s22p 3(48°)4d 3p_ 3Do 0- 1 F2 

70g 78.459 78.459 0 - 1274550 2s 22p 4 - 2s 22p 3eDO)4s 3p_ 300 2- 3 F2 
109 78.628 78.628 2732 - 1274550 2s22p4 _ 2s22p3eOO)4s 3p_ 300 1- 2 F2 
10 .78.712 78.712 41167 - 1311 620 2s 22p 4 - 2s 22p 3epo)4s 10_ lpe 2- 1 F2 
10 79.557 79.568 88213 - 1345000 2s22p4 _ 2s22p3eDO)4d IS_ O- 1 F2 
70 80.770 80.770? 41167 - 1279 250? 2s22p4 _ 2s22p3eDO)4s ID_ 10° 2- 2 F2 

50 81.738 81.739 88213 - 1311 620 2s22p4 - 2s22p3epo)4s 18 _ lpo 0- 1 F2 
70g 82.082 82.082 0 - 1218300 2s 22p 4 - 2s 22p 3(48°)4s 3p_ 380 2- 1 F2 
50g 82.267 82.266 2732 - 1218300 2s22p4 _ 2s22p 3(48°)4s 3p_ 380 1- 1 F2 
109 82.338 82.340 3829 - 1218300 2s22p4 _ 2s22p 3(4S0)4s 3p_ 3so 0- 1 F2 
109 85.189 85.174 0 - 1 174070 2s22p4 _ 2s22p3fpo)3d 3p_ IF' 2- 3 F2 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 825 

AI VI - Continued 

Mult. ReI. Vae. Wavelength (A) Levels (em-i) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

100g 85.422 85.423 0 - 1 170650 2s 22p4 _ 2s22p 3eP")3d 3p_ iDa 2- 2 A3 
1000g 85.518 85.518 0 1 169350 2s 22p 4 _ 2s22p 3epo)3d 3p_ 3Do 2- 3 A3 
200g 85.567 85.566 0 - 1 168690 2s 22p 4 - 2s 22p 3eP")3d 3p_ 3Do 2- 2 A3 
300g 85.623 85.622 2732 - 1170650 2s22p 4 _ 2s22p 3CZpo)3d 3p_ JDa 1- 2 AS 
300g 85.725 85.725 2732 - 1169250 2s22p4_ 2s22p3ePJ3d 3p_ 3Do 1- 1 A3 

400g 85.767 85.766 2732 - 1 168690 2s 22p4 _ 2s22p3eP")3d 3p_ 3Do 1- 2 A3 
350g 85.806 85.806 3829 - 1169250 2s22p4_ 2s22p 8fpo)3d 8p_ 3Do 0- 1 AS 
350g 85.817 85.817 0 - 1 165270 2s22p 4 _ 2s 22p 3epo)3d 3p_ 3po 2- 2 A3 
100g tnUS67 ~b.866 0 - I 164610 2s l;)2p" - 2s l;)2p 3(zf"')3a 0p_ Of'" 2- 1 A3 

150g 86.018 86.019 2732 - 1 165270 2s 22p 4 - 2s 22p 3CZP")3d 3p_ 3p" 1- 2 A3 

150g 86.068 86.068 2732 - 1164610 2s22p4 - 2s22p3eP")3d 3p_ 3po 1- 1 A3 
1500 86.094 86.094 2732 - 1 164250 2s 22p 4 - 2s22p 3CZP")3d 3p_ 3po 1- 0 A3 
2000 86.148 86.149 3829 - 1164610 2s 22p 4 - 2s 22p 3eP")3d 3p_ Spo " 0- 1 A3 
4000 87.331 87.332 0 - 1 145060 2s22p 4 _ 2s 22p 3CZDO)3d 3p_ 3So 2- 1 A3 
350g 87.540 87.541 2732 - 1145060 2s22p4 - 2s22p3CZDO)3d 3p_ 3So 1- 1 A3 

5000 87.587 87.587 0 - 1141 720 2s22p 4 _ 2s22p 3CZDO)3d 3p_ 3po 2- 1 A3 
1000 87.625 87.625 3829 - 1 145060 2s 22p 4 _ 2s22p 3fDO)3d 3p'- 3sa 0- 1 A3 
6500 87.651 87.652 0 - 1 140880 2s 22p 4 _ 2s22p 3CZDO)3d 3p_ 3po 2- 2 A3 
250g 87.776 87.776 2132 - 1 142000 2s1l2p· - 2s 1l2p °fDO)3d 0p_ of'" 1- 0 AS 

2500 87.796 87.797 2732 - 'I 141 720 2s 22p 4 - 2s 22p 3CZDO)3d 3p_ 3po 1- 1 A3 

350g 87.863 87.862 2732 1 140880 2s22p4 - 2s22p3CZDO)3d 3p_ 3po 1- 2 A3 
250g 81.883 81.882 3829 - 1 141 720 2sD2p~ _ 2sD2p o(IlDO)3d 0p_ 0p" 0- 1 AS 

1000g 88.163 88.163 0 - 1134260 2s22p 4 _ 2s22p aeDO)3d 3p_ 3Do 2- 3 A3 
750 88.269 88.269 41 167 - 1174070 2s22p 4 _ 2s 22p aeP")3d ID_ iF' 2- 3 A3 
1000 88.325 88.320 3829 1 136070 2s22p4 _ 2s22p3eDO)3d 3p_ lpo 0- 1 F2 

7500 88.369 88.369 2732 - 1134350 2s22p4 _ 2s22p 3CZDO)3d 3p_ 3Do 1- 2 AS 
2500 88.462 88.462 3829 - 1134260 2s22p4 _ 2s22p 3(2DO)3d 3p_ 3Do 0- 1 A3 

bl 88.539 88.536 41167 - 1170650 2s22p4 _ 2s22p 3CZpa)3d ID_ Joo 2- 2 AS 
100 88.687 88.690 41 167 - 1168690 2s 22p" - 2s 22p 3fP")3d 10_ 3Do 2- 2 A3 

1000 90.196 90.196 41 167 - 1 149860 2s 22p" - 2s 22p 3(2DO)3d JD_ If<> 2- 3 AS 

600 90.856 90.856 41 167 - 1 141810 2s 22p4 _ 2s22p a(20o)3d lD_ IDo 2- 2 A3 
500 91.332 91.332 41 167 - 1 136070 2s!!2p4 - 2s92p 9fDO)3d ID_ If" 2- 1 A3 

750g 92.626 92.626 0 - 1079610 2s 22p 4 _ 2s22p 3(48°)3d 3p_ 3Do 2- 3 A3 
200g 92.638 92.639 0 - 1079456 2s22p" - 2s22p 3(4813d 3p_ 3Do 2- 2 A3 
500g 92.875 ' 92.874 2732 - 1079456 2s 22p" - 2s22p 3(4so)3d 3p_ 3Do 1-2 A3 

250g 92.970 92.971 3829 - 1079437 2s22p" - 2s22p 3(4S0)3d 3p_ 300 0- 1 A3 
100 95.433 95.433 88213 - 1 136070 2s 22p 1_ 2s 22p 3(200)3d 18_ ipo 0-1 A3 

10 96.440 96.440 323002 - 1359920 2s2p 5 - 2s2p"fS)3s 3po_ 3S 2- 1 A3 
50 96.673 96.670 325469 - 1359920 2s2p5 - 2s2p 4fS)3s 3p<> _ 3S 1- 1 G3 

6000 100.616 100.616 0 - 993874 2s22p" - 2s22p 3fpo)3s 3p_ 3pa 2- 2 A3 

1000 100.638 100.638 0 - 993659 2s 22p 4 - 2s 22p 3fPO)3s 3p_ 3po 2- 1 A3 
200g 100.893 100.894 2732 - 993874 2s 22p4 _ 2s22p 3epo)3s 3p_ 3po 1- 2 A3 
200g 100.922 100.916 2732 - 993659 2s 22p 4 - 2s22p 3fP")3s 3p_ 3pa 1- A3 
150g 101.027 101.027 3829 993659 2s22p4 - 2s22p 3fpo)3s 3p_ 3po 0- 1 A3 
10 103.062 103.062 323002 - 1293290 2s2p 5 - 2s2p"CZD)3s 3F" _ 30 2- 3 AS 

300 103.938 103.940 41167 - 1 003265 2s 22p" - 2s22p 3fP")3s 10_ lpo 2- 1 AS 
1000g 104.046 104.047 0 - 961 100 2s 22p4 _ 2s22p 3fDO)3s 3p_ 3Do 2- 3 A3 
800g 104.344 104.344 2732 - 961100 2s 22p" - 2s 22p 3fDO)3s 3p_ 3Do 1- 2 A:J 
400g 104.464 104.464 3829 - 9tH 100 2s2Zp" - 2s2Zp 3(ZD")3s 3p_ 3D" 0- 1 AZ 
700 107.622 107.623 41167 - 970340 2s22p4 _ 2s22p3e013s JD_ iDo 2- 2 M. 

350 109.284 109.283 88213 - 1003265 2s22p" - 2s22p3fpo)3s 18 _ IF" 0- 1 M. 
1000g 109.516 109.516 0 - 913112 2s 22p 4 - 2s 22p 3(48°)3s 3p_ 380 2- 1 M 
6000 109.844 109.844 2732 - 913 112 2s22p" _ 2s22p 3("SO)3s 3p_ 3So 1- 1 A:. 
200g 109.976 109.977 3829 - 913112 2s 22p" - 2s22p 3(4S0)38 3p_ 3go 0- I M 

50 113.140 113.138 323002 - 1206880 2s2p5 _ 2s2p4(4p)3s 3F" _ 3p 2- 1 N. 
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AI VI - Continued 

Mult. ReI. Vac. Wavelength (1) Levels (em-i) ConfIgurations Tenns J Ref. 

No. Int. Observed Calculated Lower Upper Values 

50 113.318 113.318 325469 - 1207940 2s2p 5 - 2s2p 4(,'P)3s 3po _ 3p 1- 0 A3 
150 113.441 113.441 323002 - 1204520 2s2p 6 - 2s2p4(4p)3s 3po_ 3p 2- 2 A3 
60bl 113.453 113.454 325469 - 1206 880 2s2p 5 - 2s2p 4(4p)3s 3po_ 3p 1- 1 A3 
50 113.629 113.628 326815 - 1206 880 2s2p6- 2s2p4(4P)3s 3po_ 3p 0- 1 A3 
50 113.759 113.759 325469 - 1204520 2s2p6- 2s2p4(4p)3s 3po_ 3p 1- 2 A3 

50g 221.535 221.535 0 - 451396 2s22p4 _ 2s2p 5 3p_ ipo 2- 1 B3 
600 243.766 243.766 41 167 - 451396 2s22p4_ 2s2p 6 JO_ Jpo 2- 1 B3 
300 275.343 275.343 88213 - 451396 2s22p4 _ 2s2p 5 IS_ lpo 0- 1 B3 
350g 307.249 307.249 0 - 325469 2s22p4 - 2s2p 5 3p_ 3po 2- 1 B3 
300g 308.563 308.563 2732 - 326815 2s22p4 _ 2s2p5 3p_ 3po 1- 0 B3 

400g 309.597 309.596 0 - 323002 2s22p4 _ 2s2p 5 3p_ 3po 2- 2 B3 
300g 309.851 309.850 2732 - 325469 2s22p4 _ 2s2p 5 3p_ 3po 1- 1 B3 
300g 310.907 310.907 3829 - 325469 2s22p4_ 2s2p 5 3p_ 3pa 0- 1 B3 
300g 312.237 312.237 2732 - 323002 2s22p4 _ 2s2p 5 3p_ apo 1- 2 B3 
100 328.696 328.697 451396 - 755628 2s2p 5_ 2p 6 lpa _ IS 1- 0 A3 

5 421.46 421.49 88213 - 325469 2s22p4 _ 2s2p 5 18_ apo 0- 1 B3 
50 1049.67 1049.67 969421+x - 1064689+x 2s 22p 3(4S'3p _ 2s22p 3(4S,3d 5p_ 5Do 1- 1 A3 
40 1049.79 1049.78 969 421+x - 1064679+x 2s 22p 3(4S0)3p _ 2s22p 3(4so)3d 5p_ 5Do 1- 2 A3 
80 1051.98 1051.98 969620+x - 1064679+x 2s 22p 3(4S13p _ 2s22p 3(4SD)3d 5p_ 500 2- 2 A3 

150 1052.12 1052.11 969620+x - 1064667+x 2s22p 3(4S'3p _ 2s 22p 3(4so)3d 5p_ 5n0 2- 3 A3 

200 1056.00 1056.00 969967+x - 1064664+x 2s 22p 3(48°)3p _ 2s22p 3(4S0)3d 5p_ 500 3- 4 A3 
m 1076.38 986706 - 1079610 2s 22p 3e8j3p _ 2s22p 3(4S,3d 3p_ 3n0 2- 3 A3 

2 1077.66 1077.66 986643 - 1079437 2s 22p 3(48D)3p _ 2s22p3(4so)3d 3p_ 300 1- 1 A3 
40bl 1078.17 1078.17 986706 - 1079456 2s22p 3(48j3p _ 2s22p 3(4S0)3d 3p_ 300 2- 2 A3 
10 1087.65 1087.65 1039680 - 1 131621 2s22p 3fDO)3p- 2s22p3fD13d JF_ Jao 3- 4 A3 

400 1320.57 1320.57 961 100 - 1036825 2s22p 3fOO)3s - 2s22p 3fOO)3p 300_ 3F 3- 4 A3 
900 1321.59 1321.58 894300+x - 969967+x 2s22p 3(48,3s _ 2s 22p 3(4SO)3p 580_ 5p 2- 3 A3 
300 1324.92 1324.92 961100 - 1036576 2s22p 3fOO)3s - 2s22p 3fOj3p 30°_ 3F 2- 3 A3 
800 1327.68 1327.67 894300+x - 969620+x 2s22p 3(48°)3s_ 2s22p3(4S0)3p 1i80_ sp 2- 2 A3 
200 1329.15 1329.15 961100 - 1036336 2s22p 3fOO)3s- 2s22p 3fOO)3p 30°_ 3F 1- 2 A3 

500 1331.19 1331.19 894300+x - 969421 +x 2s 22p 3(48°)3s - 2s 22p 3(48'3p 1i80_ 5p 2- 1 A3 
5UO lo58:m 135~.81 tHo 112 - 986706 2s ll2p 3l4Su)as" _ 2s ll2p 3(4su)3p 38"_ 3t' 1- 2 A3 

100bl 1359.96 1359.97 913 112 - 986643 2s 22p 3(48°)3s _ 2s22p 3(4so)3p 380_ 3p 1- 1 A3 
2 1409.98 1409.98 993570 - 1064493 2s22p 3fpo)3s - 2s 22p 3fP'13p 3po_ as 0- 1 A3 

20 1416.05 1416.05 993874 - 1064493 2s 22p 3fpa)3s - 2s 22p 3fpo)3p 3po_ as 2- 1 A3 

200 1422.58 1422.58 961 100 - 1031895 2s 22p 3fOj3s - 2s22p 3fOj3p 30°_ 3D 3- 3 A3 
10 1430.52 1430.51 961 100 - 1031005 2s 22p 3fo)3s - 2s22p 3fo,3p 3Do_ 3n 2- 2 A3 
10 1432.51 1432.50 961100 - 1030908 2s 22p 3fDO)3s - 2s22p 3fOO)3p 30°_ 30 1 1 A3 

400 1442.17 1442.17 970340 - 1039680 2sz2p"[i:0")3s - 2s z2p aeDD)3p IDo_ IF 2- 3 A3 

Wavenumber (em-I) 

Ml 2731 2732 0 - 2732 2s22p4 _ 2s22p4 3p_ 3p 2- 1 G2 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 827 

AI VII 

N I isoelectronic sequence 

Ionization energy 1949 900 ± 700 cm-1 (241.76 ± 0.09 eV) 

We have tentatively included a number of lines classi
fied by upper even-parity levels that were omitted in 
MZ79. We also list two lines near 280 A classified as 
2s2p 3CSO)3p 4p - 2s2p3CSO)4d 4D transitions [V2]; the 
level assignments here are in better agreement with the 
observed relative intensities than those in [V2]. 

Most of the levels were determined by using wave
length averages based on measurements from more than 
one reference [MZ79]. The calculated wavelengths may 
thus in general be somewhat more accurate than the ob
served values quoted from a single reference, even for 
lines not connected to other lines through the Ritz prin
ciple. 

We obtained the above value for the AI VIII 2s 22p2 3po 

ionization limit using· two types of formulae to fit the 
isoelectronic-sequence data (see results for S X by 
Martin, W. C., Zalubas, R., and Musgrove, A. [1990], J. 
Phys. Chern. Ref. Data 19, 865). For comparison, we 

derived values for the ]s22p2 3p2limit by fitting Ritz series 
formulae to two ( tentative) three-member series of 
Al VII, the 2s 22p 2Cp)nd 2F7!2 and CP)ns 4PS!2 series; these 
gave 3P2 limit values respectively 1270 and 2710 cm- 1 

lower than the 3P2 value consistent with the above 3po ion
ization energy. Additional research is needed on Al VII 

and other spectra of this sequence in order to decide 
amongst various possible explanations of such discrepan
cies. 
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AI VII 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

Ig 58.750 58.751? 0 - 1702100? 2s22p 3_ 2s22p2ep)5s "8°_ "P %-% V2 
10 59.827 59.824? 62369 - 1 733940? 2s22p 3 _ 2"s22p2ep)5d 2Do_ 2F %-% V2 
10 59.911 59.911? 62313 - 1 731 450? 2s22p3_ 2s22p2ep)5d 2Do_ 2F 3/2 - 51,. V2 
120 62.292 62.299? 0 - 1605 150? 2s22p 3 _ 2s22.v 2(3PHd "8°_ 2F %-% V2 
8g 62.474 62.484? 0 - 1600 400? 2s22p 3 - 2s22p2ep)4d "80_ 2p %-% F2 

65 63.005 63.008 62369 - 1649470 2s22p 3_ 2s22p 2(lD)4d? 2Do _ 2D? %-%? Y2 
65 63.056 63.051 62313 - 1 648330 2s22p 3 _ 2s22p2ctD)4d? 2Do_ 2D? %-%.? V2 
8 64.325 64.325 94869 - 1649470 2s22p 3 - 2s22p 2(lD)4d? 2po_ 2D? %-%? F2 

25 64.358 64.361 94603 - 1648330 2s22p 3 - 2s22p2(lD)4d? 2po_ 2D? %-%? F2 
1 64.481 64.482 62369 - 1 613 180 2s22p 3 _ 2s22p2ep)4d? 2Do _ 2D? %-%? V2 

1 64.516 64.510 62313 - 1612450 2s22p 3_ 2s22p2ep)4d? 2Do_ 2D? %-%? V2 
12 64.698 64.701? 62369 - 1607 950? 2s22p3 _ 2s22p2ep)4d 2Do_ 2F %- 7/2 V2 
8g 64.815 64.809? 0 - 1543 OOO? 2s22p 3 - 2s22p2ep)4s 480_ 4p %-% F2 
9 64_816 648161 62313 - 1 6051501 2g22p 3 _ 2g22p 2(3P)4d 2Do_ 2F 3Jz.-% V2 

12 65.020 {65.016? 62313 - 1600 400? 2s22p 3 _ 2s22p2ep)4d 2Do_ 2p %-% V2 
65.018? 62369 - 1600 400? 2s 22p 3 - 2s22p2ep)4d 2Do_ 2p %-% 

18 65.862 65.863 94869 - 1 613 180 2s22p 3 _ 2s22p2ep)4d? 2po_ 2D? %-%? V2 
50 65.883 65.883 94603 - 1612450 2s22p 3 - 2s22p 2(3P)4d? 2po_ 2D? 1/2- %? V2 
27 66.409 66.41O? 94603 - 1600 400? 2s22p 3_ 2s22p2ep)4d 2po_ 2p 112-% V2 
60 68.534 68.530 280200 - 1 739420 2s2p"- 2s2p3f8°)4d "p_ "DO %-712 V2 
64 68.626 68_629 282670 - 1739780 2s2p" - 2s2p 3(5S0)4d 4p_ 'DO 3/z - 5/z V2 

30 68.675 68.678? 283970 - 1 740040? 2s2p" - 2s2p 3(5S0)4d "p_ "DO 112-% V2 
1959 72.282 72.278 0 - 1 383540 2s22p 3 _ 2s2p 3(5S)3p 480_ 4p %-% V2 
74 74.099 {74.095 62313 - 1 411 930 2s22p 3 - 2s22p2ct8)3d? 2Do_ 2D? %-% V2 

74.098 62369 - 1411930 2s22p3 _ 2s22p2eS)3d? 2Do_ 2m 512- 512 
50g 74.321 74.333 0 - 1345300 2s22p 3 - 2s22p2ep)3d 48°_ 2D %-% F2 



828 

AI VII - Continued 

Mult. ReI. Vac. Wavelength (1) Levels (cm- i ) ConfIgurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

215g 75.281 75.276 0 - 1328450 2s22p 3_ 2s22p2ep)3d 480_ 4p %-% V2 

250g 75.313 75.307 0 - 1327890 2s22p 3 - 2s22p 2fP)3d 480_ 4p %-% V2 
227g 75.367 75.364 0 - 1326900 2s22p 3 _ 2s22p2(3p)3d 480_ <lp %-% V2 
227g 75.544 75.538? 0 - 1323 830? 2s22p 3 - 2s22p2ep)3d 48°_ <lD %- V2 
100 75.808 75.808 280200 - 1599320 2s2p 4 - 2s2p 3(lOO)3d? 4p_ 48~ %-% V2 

195 75.850 {75.854? 62313 - 13806401 2s22p 3_ 2s22p2(lO)3d 200_ 2p %-% F2 
75.8571 62369 - 13806401 2s22p 3 - 2s22p2ctO)3d 200_ 2p %-% 

195 75.876 75.869 280200 - 1598270 2s2p 4- 2s2p3CSDO)3d? 4p_ 4D"? %-% V2 
262 75.903 75.911 94603 - 1411 930 2s22p 3 - 2s22p2(lS)3d? 2po_ 20? 1/2-% V2 
185 75.926 75.927 94869 - 1 411 930 2s22p 3 _ 2s22p2ctS)3d? 2po_ 2D? %-% V2 

75.946 75.950 282670 - 1 599320 2s2p4- 2s2p 3(300)3d? 4p_ 4S"? %-% V2 

205 76.009 76.011 282670 - 1598270 2s2p 4 - 2s2p3CSD°)3d? "P_ "DO? %-% V2 
157 76.022 76.025 283970 - 1599320 2s2p 4 - 2s2p 3CSDj3d? "P_ 4S"? 1/2 -% V2 
125 76.090 76.086 283970 - 1 598270 2s2p 4 - 2s2p 3<:OO)3d? "P_ 4D~ 1/2-% V2 
205 76.226 76.222 280200 1 592 150 2s2p 4 - 2s2p3eOO)3d1 4p_ 4M %-% V2 

195 76.262 76.257 280200 - 1591560 2s2p 4 - 2s2p 3(30j3d? <lp _ 4po'l %-% V2 
157 76.344 76.343? 282670 - 1592 540? 2s2p 4 - 2s2p3CSOO)3d? 4p_ "po? %-1Jz V2 
140 76.366 76.366 282670 - 1592150 2s2p 4 - 2s2pscaDO)3d? "P- "po? %-% V2 
300 76.386 76.384 62369 - 1371 550 2s22p 3 - 2s22p2eD)3d 2Do_ 2D %-% V2 
215 76.400 76.401 282670 - 1591560 2s2p 4 - 2s2p3caDO)3d? 4p_ "PO? %-% V2 

288 76.422 76.415? 62313 - 1370 950? 2s22p 3 - 2s22p2eD)3d 20°_ 2D %-% F2 
215 76.440 76.442 283970 - 1592150 2s 2p" - 2s 2p 3fOO)3d? "p_ 4po'l %-% V2 
215 76.543 76.549 62313 1368670 2s22p 3 - 2s22p2('D)3d 2Do_ 2F %-% F2 
225 76.582 76.578 62369 - 1368230 2s22p 3 - 2s22plleO)3d 1l00_ llF %- 7/a V2 

91 17.778 '{'{.'{'(4? 94869 - 1 3HO 640'( iis z2p 3 _ iisz2p :llC D)3d zpo_ "'p %_ 3/2 V2 

104 77.809 77.808? 94603 - 1379 820? 2s112p 3 - 2s22plleO)3d 2po_ 2p 1/11 - 1/2 V2 
250 77.906 77.900 62369 - 1346070 2s22p 3_ 2s22p2(3P)3d 20°_ 2D %-% V2 
166 77.945 77.943 62313 - 1345300 2s22p 3 - 2s22p2ep)3d 20"_ 2D %-% F2 
345 78.329 78.328 94869 - 1371550 2s22p 3 _ 2s22p2('D)3d 2po_ 20 %-% V2 
288 78.343 78.349? 94603 - 1 370 950? 2s22p 3 - 2S22p2('D)3d 2po_ 2D 1/2- % V2 

262 78.365 78.365? 94869 - 1370 950? 2s22p 3 _ 2S22p2('D)3d 2po_ 3D 31z- % V2 
314 79.022 79.018 62369 - 1327910 2s 22p 3 _ 2s22p2(lP)3d 20"_ 2F %- 7/2 V2 
300 79.204 79.201 62313 - 1324930 2s22p 3 _ 2s22p2ep)3d 2Do_ 2F %-% V2 
64 79.637 79.637 62313 - 1318010 2s22p 3 - 2s22p2ep)3d llDo_ 2p %,- liz V2 

215 79.692 79.691 GZ 309 - 1317220 2s 2Zp 9 - 2SllZp\lIP)3d °D-_lIp 512_% V2 

390 79.928 79.923 94869 - 1346070 2s22p 3_ 2s22p 2ep)3d 2po_ 2D %-% V2 
390 79.960 79.955 94603 - 1345300 2s22p 3 _ 2sz2p2(3p)3d 2po_ 2D JIz- % V2 
300 79.972 79.972 94869 - 1345300 2sz2p 3 - 2s22p2ep)3d 2po_ 2D %-% V2 
50 81.176 81.167 94869 - 1326900 2s22p 3_ 2S22p 2CP)3d 2P" _ 4p %-% F2 

262 81.741 81.739 94603 - 1 318010 2s22p 3 - 2s22p2caP)3d 2po _ 2p 1/2- liz V2 

205 81.774 81.757 94869 - 1 318010 2s 22p 3 - 2S22p2CSP)3d 2po_ lip %-112 V2 
365 81.794 81.792 94603 - 1317220 2s 22p 3 - 2sz2p2caP)3d Zpo _ 2p llz- % V2 
380 81.809 81.810 94869 - 1317220 2s22p 3 - 2s112pllep)3d 2p" _ lip %-% V2 
512 83.833 83.832 280200 - 1473060 2s 2p 4 - 2s 2p 3(58°)3d 4p_ 4Do %-% V2 
175 81.005 84.006 282670 - 1 473060 2.s 2p 4 - 28 2p~(';sn)3d 4p_ 4D~ '.liz _ "'tz V2 

422 84.095 84.098 283970 - 1 473060 2s 2p 4 - 2s 2p 3(5Sj3d 4p_ 4Da %-% V2 
118 86.666 86.668 94603 - 1248430 2s22p 3 _ 2s22p2('S)3s 2po_ 2S 1/2_ liz V2 
166 86.685 86.688 94869 - 1248430 2sZ2p 3_ 2s22pZ(lS)3s 2P" _ 28 %-1/2 V2 
475g 86.884 86.885 0 - 1 150950 2s 22p 3 ....; 2s 22p 2CP)3s 480_ 4p %-% V2 
456g 87.058 87.059 0 - 1 148650 2s22p 3 - 2s22p2ep)3s 4SO_ 4p %-% V2 

422g 87.165 87.169 0 - 1 147200 2s22p 3 _ 2s22p2(3P)3s 48"_ "P %-% V2 
515 88.027 {88.027 62313 - 1198330 2s22p 3 - 2s22p 2ctO)3s 20°_ 20 %-% V2 

88.031 62369 - 1 198330 2s22p3 - 2S22p2eD)3s 20°_ 2D %-% 
515 90.547 90.551 62369 1 166720 2s22p 3 - 2sZ2p Zep)3s 2D"_ 2p %-% V2 
185 90.596 90.602 IH603 I 108330 2a22p 3 - 2a Z2p ZeD)3s ?po- ?D 'Iz - !liz V2 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 
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AI VII - Continued 

Mult. ReI. Vac. Wavelength CA) Levels C cm-1) Configurations Tenns J Ref 
No. Int. ObselVed Calculated Lower Upper Values 

185 90.627 90.624 94869 - 1198330 2s22p 3 - 2s22p2(fD)3s 2po_ 2D %-% V2 
195 90.772 90.775 62313 - 1 163940 2s22p3 - 2s22p2ep)3s 200_ 2p %-112 F2 
420 93.275 93.273 94603 - 1 166·720 2s22p 3 - 2s22p2caP)3s 2po _ 2p %-% V2 
550 93.298 93.297 94869 - 1 166720 2s22p 3 - 2s22p 2caP)3s 2po _ 2p %-% V2 
420 93.517 93.516 94603 - 1 163940 2s22p 3 _ 2s22p2caP)3s 2po_ 2p %-% V2 

343 93.535 93.539 94869 - 1 163940 2s 22p 3 - 2s22p 2caP)3s 2po _ 2p. %-1/2 V2 
440 95.975 95.974 280200 - 1322150 2s2p 4 - 2s2p3(58j3s 4p_ 480 %-% V2 
375 96.207 96.202 282670 - 1322150 2s2p 4 - 2s2p3CS8j3s 4p_ 480 %-% V2 
227 96.327 96.322 283970 - 1322150 2s 2p 4 - 2s2p3(58°)3s 4p_ 480 1/2- % V2 
100 239.030 239.036 62313 - 480660 2s22p3 _ 2s2p4 2Do_ 2p %-l/Z V2 

200 240.770 240.778 62369 - 477690 2s 22p 3 _ 2s2p 4 2Do_ zp %-% V2 
262 251),036 259.029 94603 - 480660 2s22p 3 _ 2s2p4 2po _ Zp lIz_lIz V2 
345 259.207 259.208 94869 - 480660 2s22p 3 _ 2s2p 4 2po_ 2p %-1/2 V2 
330 261.044 261.037 94603 - 477690 2s22p 3 - 2s2p4 2po_ 2p %-% V2 
495 261.219 261.219 94869 - 477690 2s 22p 3_ 2s2p 4 2po _ 2p %-% V2 

510 278.982 278.973 94603 - 453060 2s22p 3_ 2s2p 4 2po _ 28 1/2- liz V2 
440 279.187 279.181 94869 - 453060 2s22p 3 _ 2s2p4 2po _ 28 %-112 V2 
100 280.745 280.741 1383580 - 1 739780 2s 2p 3(58Q)3p - 2s 2p 3(58°)4d 4p_ 4n0 %-% V2 
160 280.994 280.994 1 383640 - 1 739420 2s2p 3(5SO)3p - 2s2p 3(5SO)1d 4p. 4D" 5/~_ % V2 
315 282.660 282.654 385910 - 739700 2s2p4_2p 5 2D_ 2po %-I/z V2 

360 285.81 285.804 385860 - 735750 2s2p4_2p5 2D_ 2po %-% K4 
420 309.023 309.026 62313 - 385910 2s22p 3_2s2p 4 2Do_ 2D %-% V2 
475 309.072 {309.074 62313 - 385860 2s22p 3 _ 2s2p4 2Do_ zD %-% V2 

309.080 62369 - 385910 2s22p3 _ 2s2p4 2Do_ 2D %-% 
375 309.121 309.128 62369 - 385860 2s22p 3 _ 2s2p 4 zDo_ zD %-% V2 

125 343.290 343.280 94603 - 385910 2sz2p 3 _ 2s2p4 2po _ 2D l/Z- % V2 
160 343.641 343.653 94869 - 385860 2s22p 3 - 2s2p4 2po _ 2D %-% V2 
75g 352.145 352.150 0 - 283970 2s22p 3_ 2s2p 4 480_ 4p %-Ifa V2 

140g 353.769 353.769 0 - 282670 2s22p 3 _ 2s2p4 480_ 4p %-% V2 
20g 356.880 356.888 0 - 280200 2s z2p 3_ 2s2p4 48"_ 4p %-% V2 

55 381.674 381.665 477690 - 739700 2s2p4_2p 5 2p _ 2po %-Ifa V2 
95 386.03 386.041 480660 - 739700 2s2p4_2p 5 2p_ 2po %- 1/2 K4 

125 387.51 387.507 477690 - 735750 2s2p 4 _2p5 2p_ 2po %-% K4 
45 392.00 392.018 480660 - 735750 2s2p 4_2p5 2p _ 2po 1/2- % K4 

Ml 1054.08 0 - 94869 2s22p3_2s22p3 48"_ 2po %-% 

Ml 1057.05 0 - 94603 2s22p 3 _ 2s22p3 480 _ 2po %- l/Z 
Ml 1603.36 0 - 62369 2s22p 3 _ 2s22p3 48"_ 2n° %-% 
Ml 1604.80 1604.80 0 - 62313 2s22p 3_ 2s22p 3 48"_ 2Do %-% 84 

Air Wavelength CA) 

Ml 3070.7 62313 - 94869 2s22p 3 _ 2s22p 3 2Do _ 2po %-% 
Ml 3076.0 62369 - 94869 2s 22p 3 _ 2s22p3 2Do_ 2po %- 3/2 

M1 3096.0 62313 - 94603 2s22p3_ 2s22p3 2Do _ 2po %-llz 
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AI VIII 

C I isoelectronic sequence 

Ionization energy 2295 900±500 cm-1 (284.66±O.06 eV) 

Denne and Hinnov classified the 2s22p2 3P_2s2p3 sso 
lines at 756.8 and 772.7 A and thus established the 
triplet-quintet connection within about ±30 cm-1 rOll. 
We have reeyaluated the quintet levels using their results. 

We increased the values of the singlet levels given in 
[MZ79] by 30 cm -1 to obtain better agreement with 
Edlen's [19~5] most recent estimate for the triplet-singlet 
connection. The value of the 2s 22p2 ID2 level tentatively 
suggested in [Dl] would raise the singlet system about 
270 cm- 1 above the estimated position adopted here; the 
singlet levels are given with an unknown correction" +x" 
to indicate the lack of an experimental confirmation of 
the connection. 

We obtained a value of 2296130 cm- 1 for the ioniza
tion energy by applying ~ semi-empirical isoelectronic 
correction formula to a theoretically calculated value. 
Edlen's [1971] ionization-energy formula for this se
quence, also based on an isoelectronic treatment of the 
available data, gives a value of 2295 650 em -1. The above 
value is based on these two results. 
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63.203 
63.206 
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? 63.717? 

63.720? 
109 63.933 63.993? 

150g 63.965 63.970? 

200g 64.004 64.004? 
100 84.086 640811 

10 65.128 65.131 
10 65.298 65.298? 
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AlV1lI 

Levels (em-I) ConfIgurations Tenns J Ref. 
Lower Upper Values 

133840 - 1993 090? 2s2p3- 2s2p 2(04P)4d 5S0 _ 5p 2- 1 F2 
133840 - 1992 580? 2s2p 3 _ 2s2p 2(4p)4d 5so_ 5p 2- 2 F2 
133840 - 1991 780? 2s2p 3 _ 2s2p 2(4p)4d 5so_ 5p 2- 3 F2 

1710 - 1846 150? 2s22p2 - 2s22p4d 3p_ 300 1- 2 F2 
4420 - 1847 470? 2s 22p2_ 2s22p4d 3p_ 3Do 2- 3 F2 

262180 - 1999 710? 2s2p3 - 2s2p2(4P)4d 3Do_ 3F 3- 4 F2 
262270 - 1997 660? 2s2p 3 - 2s2p2ep)4d 3Do_ 3F 2- 3 F2 
46720+x - 1667620+x? 2s22p2 - 2s2p2CZO)3p ID_IDo 2- 2 F2 
46720+x - 1659210+x? 2s22pz - 2s2p2eD)3p ID_ IF' 2- 3 F2 

262180 - 1844470 2s2p 3 - 2s2p2ep)3d 3Do_ ap? 3- 2? F2 
262270 - 1844470 2s2p3- 2s2p2CZp)3d 3Do_ 3p? 2- 2? 
262330 - 1844470 2s2p 3 - 2s2p 2fP)3d 3Do_ 3p? 1- 2? 

262180 - 1831 700? 2s2p 3 - 2s2p2(2p)3d 3Do_ 3F 3- F2 
262270 - 1831 700? 2s2p 3 - 2s2p2(2P)3d 3Do_ 3F 2-
262330 - 1831 700? 2s2p 3 - 2s2p2(2p)3d 30°_ 3F 1-

0 - 1 564 1401 ~22p2 _ 2s2p 2(4P)3p 3p_ 300 0- 1 F2 
1 710 - 1564 950? 2s22p2 _ 2s2p2(4P)3p 3p_ 3Do 1-2 F2 

4420 - 1566 820? 2s 22p2- 2s2p2(4P)3p 3p_ :lDo 2- 3 F2 
4. 420 - 1 564950? 2!:2~,p2 _ ?!:?p2(4P)gp 3p_ an0 2- 2 F2 

309110 - 1844470 2s2p3- 2s2p ZCZP)3d 3po_ 3p? - 2? F2 
309 no - 1840 550? 2s2p 3 - 2s2p2(2P)3d 3p<>_ 3D F2 

1 710 - 1 531 250 2s22p2_ 2s2p2(4P)3p 3p_ as"? 1- I? F2 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI vm - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (cm-I
) ConilgUrations Tenus J Ref, 

No. Int. Observed Calculated Lower Upper Values 

50g 65.494 65.495 4420 - 1531250 2s22p2 _ 2s2p2(4P)3p 3p_ 38~ 2- I? F2 
60 66.321 66.3211 309110 - 18169301 2s2p 3 - 2s2p2fS)3d 3po_ 3D 2- 3 F2 
10 66.363 66.363? 309110 - 1815 970? 2s2p 3 - 2s2p2(8)3d 3po_ 30 -2 F2 

150 66.704 66.704 133840 - 1633000 2s2p 3 - 2s2p2(4P)3d 680_ 6p 2- 1 F2 
200 66.731 66.731 133840 - 1632390 2s2p 3 _ 2s2p2(4p)3d 680_ sp 2- 2 F2 

350 66.771 66.771 133840 - 1631500 2s2p 3 - 2s2p2(4P)3d sso_ sp 2- 3 F2 
109 67.044 67.044 0 - 1491550 2s22p2 _ 2s22p3d 3p_ 3po 0- 1 F2 

100g 67.096 67.096 1710 - 1492110 2s22p2 _ 2s22p3d 3p_ 3po 1- 0 F2 
100g 67.121 67.121 1710 - 1491550 2s22p2 _ 2s22p3d 3p_ 3po 1- 1 F2 
109 67.166 67.165 1710 - 1490570 2s22p2 _ 2s22p3d 3p _ 3po 1- 2 F2 

150g 67.244 67.244 4420 - 1491550 2s22p2 - 2s22p3d 3p_ 3po 2- 1 F2 
600g 67.288 67.288 4420 - 1400670 2s22p2'"7 2s22p3d 3p_ 3pe, 2- 2 F2 

250g 67.360 67.360 0 - 1484570 2s22p2 _ 2s22p3d 3p_ 300 0- 1 F2 
500g 67.408 {67.407 1 710 - 1485240 2s22p2 - 2s22p3d 3p...;. 300 1- 2 F2 

67.409? 262180 - 1 745660? 2s2p 3 - 2s2p2fO)3d 300_ 3p 3-2 

50g 67.437 67.437 I 710 - 1484570 2s22p2 - 2s22p3d 3p_ 300 1- 1 Fa 

600g 67.464 67.464 4420 - 1486690 2s22p2 - 2s22p3d 3p_ 300 2- 3 F2 
109 67.529 67.530 4420 - 1485240 2sl!2p2 - 2s22p3d 3p_ 300 2- 2 F2 

160 67.666 r·.661 262 180 - 1742330 2s2p 3 - 2s2p2(2D)3d 9Do_ aD? 3- F2 

67.565 262270 - 1 742330 2s2p 3 - 2s2p2fO)3d 30°_ 3D? 2-
67.568 262330 - 1 742330 2s2p 3 - 2s2p2CZO)3d 3Do_ 3D? 1-

500 67.946 r7.943
? 

262180 - 1 734 OOO? 2s2p 3 - 2s2p2CZD)3d 30°_ 3F 3- F2 
67.947? 262270 - 1 734000? 2s2p 3 - 2s2p2(2D)3d 3Do_ 3F 2-
67.950? 262330 - 1 734000? 2s2p 3 - 2s2p2CZO)3d 30°_ 3F 1-

750 68.375 68.375 46 720+x ~ 1509240+x 2s22p2 _ 2s22psd 10_ IF" 2- 3 F2 
50 68.825 68.825? 309110 - I 762070? 2s2p 3 - 2s2p2CZD)3d 3po_ 38 - 1 F2 

50 69.420 69.420? 309110 - 1 749620? 2s2p 3 - 2s2p2CZO)3d 3po_ 3p 1- 0 F2 
100 69.502 69.502? 309110 - 1 747 920? 2s2p3- 2s2p2CZD)3d 3po_ 3p -1 F2 
200 69.611 69.611? 309 110 - 1745 660? 2s2p 3 - 2s2p2fD)3d 3po_ 3p 2- 2 F2 
150 69.773 69.773 309110 - 1 742330 2s2p 3 - 2s2p2fO)3d 3po_ 3n? F2 
300 70.161 70.161 46720+x - 1472010+x 2s22p2 - 2s22p3d In-IDo 2- 2 F2 

200 70.323 70.323 46720+x - 1468730+x 2s22p2 - 2s22p3d ID_ 3F" 2- 2 F2 
250 70.727 70.727 96260+x - 1510 150+x 2s22p2 - 2s22p3d IS_ lpo 0- 1 F2 
135 71.238 71.238 262180 - 1665920 . 2s2p 3 - 2s2p2(4P)3d 3no_ 3D? 3- 3? VI 
125 71.274 71.272 262270 - 1665350 2s2p 3 - 2s2p2(4p)3d 3no_ 3D? 2- 2? VI 
70 71.625 71.634? 444 570T~ - 1840550? 2s2p 9 - 2s2p 2(lp)3d IP"_ 3D 1- FZ 

200 72.223 72.223? 262180 - 1646 780? 2s2p 3 - 2s2p2(4P)3d 3Do_ 3F 3- 4 F2 
200 72.324 72.324? 262270 - 1644 940? 2s2p 3 - 2s2p2ep)3d 3no_ 3F 2- 3 F2 
150 72.401 72.401? 262330 - 1643 530? 282p 3 - 28Zp2("p)3d 31}"_ 31" 1- 2 1''2 
150 73.703 73.702 309 110 - 1 665920 2s2p 3 - 2s2p2(4P)3d 3po_ 3D? 2- 3? F2 
100 73.733 73.733 309110 - 1665350 2s2p 3 - 2s2p2(4p)3d 3po_ 3n? - 2? F2 

200 73.879 73.877 309110 - 1662720 282p 3 _ 282p2(2S)3s 3Y'_ 3S? - l'! F'l 
120 74.016 74.025? 397020+x - 1 747920? 2s2p 3 - 2s2p2CZO)3d 100_ sp 2- 1 F2 
200 74.841 74.841 133 840 - 1470010 2s2p 3 - 2s2p2(4P)3s 5SO_ 5p 2- 3 F2 
150 74.965 74.965 133840 - 1467800 2s2p 3 _ 2s2p2(4P)3s sso- 5p 2- 2 F2 
50 75.058 75.058 133840 - 1466140 2s2p 3 _ 2s2p2(4p)3s 580_ sp 2- 1 F2 

70 75.397 75.397? 309110 - 1635 420? 2s2p 3_ 2s2p2(4p)3d 3po_ 3p - 1 F2 
200 75.488 75.488? 309110 - 1633 820? 2s2p3 _ 2s2p2(4p)3d 3po_ 3p -2 F2 
150 75.577 f,·,7O 309110 - 1632390 2s2p 3 _ 2s2p2(4P)3d 3po_ sp -2 F2 

75.572 262180 - 1585420 2s2p 3 - 2s2p2fn)3s 3no_ 3n 3-
75.577 262270 - 1585420 2s2p 3 - 2s2p2fO)3s 3Do_ 3n 2-
75.581 262330 - 1585420 2s2p 3 - 2s2p2(2D)3s 30°_ 3n 1-
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AI VIII - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. ObselVed Calculated Lower Upper Values 

100g 75.623 {75.621 309110 - 1631500 2s2p 3 - 2s2p2(4P)3d 3pe'_ 6p 2- 3 
75.623 1710 - 1324060 2s22p2 - 2s22p3s 3p_ 3pe' 1- 2 1"2 

50g 75.734 75.732 0 - 1320440 2s22p2_ 2s22p3s 3p_ 3pe' 0- 1 1"2 
250g 75.778 75.778 4420 - 1324060 2s22p2 - 2s22p3s 3p_ 3pe' 2- 2 1"2 
100g 75.894 75.894 1710 - 1319340 2s22p2 - 2s22p3s 3p_ 3pe' 1- 0 1"2 

50g 75.985 75.987 4420 - 1320440 2s22p2 - 2s22p3s 3p_ 3pe' 2- 1 1"2 
200 76.853 76.859? 444570+x - 1 745660? 2s2p3- 2s2p2(2D)3d lpe' _ 3p 1- 2 1"2 
300 77.605 77.605 46720+x - 1335300+x 2s22p2 - 2S22p3s ID_ lpe' 2- 1 1"2 

1000 78.351 78.351 309110 - 1585420 2s2p 3 - 2s2p2fD)3s 3pe'_ 3D 1"2 
150 78.508 78.510 46720+x - 1320440 2s22p2 _ 2s22p3s ID_ 3pe' 2- 1 1"2 

100 78.836 78.844 133840 - 1402160 2s2p 3 - 2s22p3p sso_ as 2- 1 1"2 
120 79.455 79.458 404200 - 1662720 2s2p 3 - 2s2p2CZS)3s 3sO_ ag? 1- I? 1"2 
10 80.320 80.319 262180 - 1507210 2s2p 3 _ 2s2p2(4p)3s 3Do_ 3p 3- 2? 1"2 
10 80.483 80.482 262270 - 1504780 2s2p 3 _ 2s2p2(4P)3s 3Do_ 3p 2- 11 F2 

100 80.704 80.708 96260+x - 1335300+x 2s22p2_ 2s22p3s lS_ lpe' 0- 1 1"2 

10 83.335 83.322? 647310 - 1847 470? 2p4 - 2s22p4d ID_ 3Do 2- 3 1"2 
50 83.465 83.465 309110 - 1507210 2s2p 3 - 2s2p2(4p)9s 3po_ 3p - 21 F2 
10 83.635 83.635 309110 - 1504780 2s2p 3 - 2s2p2(4P)3s 3pe'_ 3p - I? 1"2 

100 86.427 86.428 309110 - 1466140 2s 2p 3 - 2s2p2(4P)3s 3pe'_ 5p - 1 1"2 
50 91.487 91.487 309110 - 1402160 2s2p 3 - 2S22p3p 3pe'_ as 1 1"2 

50 113.140 113.193 608100 - 1491550 2p4 - 2s22p3d 3p_ 3pe' 2- 1 1"2 
109 247.401 247.402 0 - 404200 2s22p2_ 2s2p 3 3p_ 3so 0- 1 VI 
55g 248.456 248.453 1 710 - 404200 2s22p2 - 2s2p3 3p_ ago 1- 1 VI 

100g 250.139 250.138 4420 - 404200 2s22p2 - 2s2p 3 3p_ 3SO 2- 1 S3 
10 251.347 251.351 46720+x - 444570+x 2s22p2_ 2s2p 3 lD_ lpe' 2- 1 S3 

253.0 1710 - 397020+x 2s22p2 - 2s2p 3 3p_ IDo 1- 2 
254.7 4420 - 397020+x 2s22p2 _ 2s2p 3 3p_ IDo 2- 2 
259.6 262 180 - 64731O+x 2s2p3- 2p4 3Do_ ID 3- 2 

50 285.467 285.470 46720+x - 397020+x 2s22p2 - 2s2p 3 ID_ IDo 2- 2 S3 
285.56 262330 - 612510 2s2p3- 2p4 3Do_ 3p 1- 0 

286.61 {286.61 262270 - 611180 2s2p3- 2p4 3Do_ 3p 2- 1 K4 
286.66 262330 - 611 180 2s2p3- 2p4 3Do_ 3p 1- 1 

165 287.083 287.10 96260+x - 444570+x 2s22p2_ 2s2p 3 IS _ lpe' 0- 1 VI 
289.07 {289.08 262180 - 608100 2s2p3- 2p4 3Do_ 3p 3- 2 K4 

289.16 262270 - 608100 2s2p3- 2p4 3Do_ 3p 2- 2 

289.21 262330 - 608100 2s2p3- 2p4 3Do_ 3p 1- 2 
299.2 404200 - 738460 I x 2s2p3- 2p4 3so- IS 1- 0 

g 323.52 323.51 0 - 309110 2s22p2 _ 2s2p 3 3p_ 3pe' 0- 1 K4 
g 325.31 325.31 1710 - 309110 2s22p2 - 2s2p 3 3p_ 3pe' 1- K4 

109 328.200 328.20 4420 - 309110 2s22p2_ 2s2p 3 3p_ 3p" 2- 83 
40 329.551 329;60 309110 - 612510 2s2p3- 2p4 3pe' _ 3p 1- 0 VI 
50 331.03 331.05 309110 - 611 180 2s2p3- 2p4 ape' _ 3p - 1 F4 

334.51 334.46 309110 - 608100 2s2p3- 2p4 3po_ 3p -2 F4 
340.23 340.23 444570+x - 738490+x 2s2p9- 2p4 1p"_ 18 1- 0 1"3 

g 381.15 381.20 0 - 262330 2s22p2 _ 2s2p 3 3p_ 3Do 0- 1 F4, 
g 383.70 383.70 1710 - 262330 2s22p2_ 2s2p 3 3p_ 3n0 1- 1 K4 

50g 383.785 383.79 1710 - 262270 2s22p2 _ 2s2p 3 3p_ 3n0 1- 2 S3 
387.73 4420 - 262330 2s22p2 - 2s2p 3 3p_ 3n0 2- 1 
387.82 4420 - 262270 2s 22p2_ 2s2p 3 3p_ 3Do 2- 2 

100g 387.970 387.96 4420 - 262180 2s22p2 _ 2s2p 3 3p_ 3Do 2- 3 S3 
399.57 399.54 397020+x - 647310+x 2s2p3- 2p4 IDo_ ID 2- 2 F3 
480.11 480.05 404200 - 612510 2s2p3- 2p4 380_ 3p 1- 0 F4 
483.03 483.14 404200 - 611 180 2s2p3- 2p4 380_ 3p 1- 1 F4 
490.44 490.44 404200 - 608100 2s2p3- 2p4 3SO_ 3p 1- 2 F4 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI VIII - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (em- l
) Configurations Tenns J R 

No. Int. ObselVed Calculated Lower Upper Values 

493.18 493.24 444570+x - 64731O+x 2s2p3- 2p4 Ipo_ In 1- 2 
9 756.8 756.8 1 710 - 13.3 840 9~\,:2?p2 _ ?s2p3 3p_ SSo 1- 2 
g 772.7 772.7 4420 - 133 840 2s22p2 _ 2s2p3 3p_ fiSo 2- 2 
Ml 1057.6 1 710 - 96260+x 2s22p2 _ 2s22p2 3p_ IS 1- 0 

Air Wavelength (A) 

M1 2221 1710 - 46720+x 2s22p2 _ 2s22p2 3p_ In 1- 2 
Ml 2363 4420 - 46720+x 2s22p2 _ 2s22p2 3p_ In 2- 2 

Wavenumber (em-I) 

M1 2687 2710 1710 - 4420 2s22p2 _ 2s22p2 3p_ 3p 1- 2 
M1 1710 0 - 1 710 2s22p2 _ 2s22p2 3p_ 3p 0- 1 
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834 V. KAUFMAN AND W. C. MARTIN 

AI IX 

B I isoelectronic sequence 

Ionization energy 2662 650±600 cm-1 (330.I3±0.07eV) 

Denne and Hinnov established the quartet-doublet 
intersystem connection within about ± 30 cm -1 by classi
fying two lines near 960 A as 2s 22p 2po - 2s 'lp 2. 4p transi
tions [DI]. We have reevaluated the quartet levels based 
on their results. 

We obtained the ionization energy by fitting a linear 
Ritz formula to the 2s 2nd 2D series (n = 3 - 6). The above 
value agrees with the value 2 662 500 ± 300 cm -1 derived 
from this same series by [HI], but our treatment of the 
data gives a larger standard-deviation error. Our value 
also agrees satisfactorily with the value 2 662 990 cm -1 

which we obtained by applying a semi-empirical isoelec
tI'ollic conection formula to a theoretically calculated 

value. 

MIX 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) 

No. Int. Observed Calculated Lower Upper 

20g 41.543 41.543 4890 - 2412030 
109 43.549 43.549 4890 - 2301 150 
60g 44.704 44.704? o - 2236940? 
80g 44.743 44.743? 4 890 - 2 239 880? 
109 47.755 47.755 o - 2094020 

50g 47.856 47.856 4890 - 2094490 
100 49.854 49.854? 259730 - 2265590? 
100 49.916 49.929? 259760 - 2262600? 

109 52.966 52.963? o - 1 888 1oo? 
109 53.098 53.101? 4890 - 1 888 l00? 

60g 53.237 53.237 o - 1 878400 
60g 53.267 53.267 o - 1877340 
lUg 53.376 53.3'(6 4890 - 1 8'18400 

109 53.412 53.406 4 890 - 1 877 340 
10 53.424 53.437 145 270 - 2 016 650 

"I 53.488 53.486 146990 2016650 
10 53.554 53.556 149460 - 2016650 
1 55.622 55.607 145270 - 1 943600 

10 55.667 55.660 146990 - 1 943600 
50g 56.151 56.149 o - 1 780960 

70g 56.304 56.304 4890 - 1 780960 
100g 56.899 56.899 o - 1 757500 
250g 56.945 56.945 4890 - 1 760970 

109 58.060 58.058 o - 1 722410 
50g 58.112 58.111 o - 1 720830 

100g 58.222 58.223 4890 - 1 722410 
19 58.276 58.277 4890 - 1 720830 

10 59.381 {59.387 259730 - 1943600 
59.388 259760 - 1943600 

300 59.761 {59.762? 259730 - 1 933040? 
59.763? 259760 - 1 933 040? 
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Configurations Terms J Ref. 
Values 

2s22p- 2s26d 2po_ 2D %-% HI 
2s22p - 2s25d 2po_ 2D %-% F2 
2s22p - 2s2pcap)4p 2po_ 2D 112-% HI 
2S22p - 2s2pfpo)4p 2po_ 2D %-% HI 
2s22p - 2S24d 2po_ 2D 112-% F2 

2s22p - 2s24d 2po_ 2D %-% F2 
2s2p2 - 2s2p(3po)4d 2D_ 2}i'" %-.7/2 F2 
2s2p2- 2s2pcapo)4d 2D_ 2}i'" %-% HI 
2s22p - 2s2p(lpo)3p 2po_ 28 1/2- % HI 
2s22p- 2s2p(lpo)3p 2po_ 28 %-112 HI 

2s22p - 2s2p(lpo)3p 2po_ 2p 1/2- % HI 
2s22p - 2s2p(lpo)3p 2po_ 2p 1/2- 112 HI 
Zs 22p - Zs 2p e P")3p zp" _ zr %-% J;'Z 

2s22p - 2s2pepo)3p 2po_ 2p %-1/2 F2 
2s2p2 - 2p23p 4p_ %-% F2 

2s2pz - 2p z3p 4p_ 3/2 - F2 
2s2p2 - 2p23p 4p_ %- F2 
2s2p2 - 2s2pepo)3d "p_ 2Do 1/2- % F2 
2s2p2- 2s2pepo)3d 4p_ 2Do %- F2 
2s 2 2p - 2s2peP)3p 2P" _ 28 1/2- 112 F2 

2s22p - 2s2p (3p<')3p 2p<' _ 28 %-1/2 F2 
.2s22p - 2s2pcapo)3p 2po_ 20 112- % F2 
. 2s 22p - 2s2p capo)3p 2p" _ 2D %-% F2 
2s22p - 2s2pcaP")3p 2po_ 2p 1/2- %. F2 
2s 22p - 2s 2p eP")3p 2po_ 2p 112-112 F2 

2s22p - 2s2Pcapo)3p 2po_ 2p %-% F2 
2s22p - 2s2pcaP")3p 2po_ 2p %-% F2 
2s2p2 - 2s2p(lpo)3d 2D_ 2Do %-% F2 
2s2p2 - 2s2p(lP")3d 20_ 2Do %-% 
2s2p2 -2s2p(lpo)3d 20 _ 2F" %- 7/2 F2 
2s2p2 - 2s2pepo)3d 2D_ 2}i'" %-% 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 835 

AI IX - Continued 

Mult. Ret Vac. Wavelength (A) Levels (cm-I ) ConfIgurations Terms J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

10 60.162 60.160 145270 - 1 S07500 2s2p2 - 2s2Pcapo)3d "p- "PO 1/2- % F2 
50 60.197 60. 197? 146990 - 1808200? 2s2p 2 - 2s2prpo)3d "p- "po %-1/2 F2 
10 60.222 60.222 146990 - 1 S07500 2s2p 2 - 2s2prpo)3d "p- "po %-% F2 
10 60.262 60.260 146990 - 1 S06470 2s 2p 2 - 2s 2p (3P")3d "p- "pO %-% F2 
50 60.312 60.312 149460 - 1·807500 2s2p2 - 2s2prpo)3d "p- "po %-% F2 

100 60.347 60.350 149460 - 1806470 2s2p2 - 2s2prP)3d "p- "PO %-% F2 
150 60.504 60.504 145270 - 1 798050 2s2p 2 - 2s2prpo)3d "p_ 40° 1/2- F2 
200 60.549 {60.541? 585 ISO - 2 236 940? 2p 3 - 2s 2prP")4p 2po_ 20 1/2-% F2 

60.551 146990 - 1 798480 2s2p2 - 2s2p~)3d 4p_ "d0 %-% 
300 60.588 60.588 149460 - 1 799950 2s2p 2 - 2s2prpo)3d "p- "D° %-% F2 

10 60.645 60.642 149460 - 1 798480 2s2p2 - 2s2pepo)3d "P-"Oo %-% F2 
300g 60.896 60.896 o - 1 642 140 2s220 - 2s23d 2po _ 20 1/2_ % F2 

600g 61.069 61.069 4 890 - 1 642 380 2s22p- 2s23d 2po_ 20 3/2- % F2 
10 61.647 61.651 332710 - I 954750 2s2p2 - 2s2p(lp)3d 28_ 2po lfa- F2 
50 62.070 62.077 332710 - I 943600 2s2p2- 2s2p(lpo)3d 28_ 20° 1/2- % F2 

200 62.296 62.296? 460 930 - 2 066 170? 2p3 - 2p2rp)3d 480_ 4p %-1/2 F2 
250 62.327 62.327? 460 930 - 2 065 370? 2p 3 - 2p 2rp)3d "8°_ "P %-% F2 
150 62.369 62.369? 460 930 - 2 064 290? 2p 3 - 2p 2CSP)3d "8°_ "P %-% F2 
100 62.474 62.474 354080 - 1 954750 2s2v2 - 2s2pepo)3d 2p _ 2po 1/

2
_ ~ 

100 62.587 62.586 356 950 - 1 954 750 2s2p 2 - 2s2pepo)3d 2p_ 2po %- F2 

150 62.916 62.912 354080 - 1943600 2s 2p 2 - 2s2p epo)3d 2p_ 200 1/2- % F2 
500 63.025 63.026 356950 - 1943600 2s2p2 - 2s2pepo)3d 2p_ 200 %-% F2 
500 63.509 63.509 259730 - 1834310 e 2s2p2 - 2s2prpo)3d 20_ 21'"' %-712 F2 
300 63.632 63.632 259760 - 1 831 300 2s2p2- 2s2prpo)3d 20_ 21'"' %-% F2 

50 64.625 {64.627 259730 - 1807080 2s2p 2 - 2s2p(lpo)3s 20_ 2po %-% F2 
64.628 259760 - 1807080 2s2p 2 - 2s2pepo)3s 20_ 2po %-% 

150 64.885 64.S85 259730 - 1 800910 2s2p2 - 2s2prP")3d 20_ 20° %-% F2 
100 64.904 64.903 259760 - 1 800510 2s2p 2 - 2s2prpo)3d 20_ 20° %-% F2 
50 66.038 66.036 146990 - 1 661 320 2s2p2 - 2s2pCSP")3s "p- "PO %-% F2 
50 66.092 66.092 145270 - 1658320 2s2p 2 - 2s2p(3P")3s "p- "po 1/2-% F2 

120 66.142 66.144 149460 - 1 661320 2s 2p 2 - 2s 2p (3po)3s "p _ "po %-% F2 

150bl 66.239 {66.239? 146990 - 1656680? 2s2p 2 - 2s2prpo)3s "p_ "po %-112 F2 
66.239 332 710 - 1 842400 2s2p2 - 2s2prpo)3d 28 _ 2po 1/2- % 

50 66.275 { 66.271 585 540 - 2 094 490 2p3_2s24d 2po_ 20 %-% F2 
66.275 149460 - 1 658320 2s2p 2 - 2s2p(3po)3s "p_ 4po %-% 
66.276 585 180 - 2 094 020 2p 3_2s24d 21"'_ 2D 11z- % 

60 66.321 66.321 332710 - 1840530 2s2p2 - 2s2prpo)3d 28_ 2po 1/2 - % F2 
lOy· 66.624 66.621 o - 1 501 020 2s22p - 2s23s 2po _ 28 1/2- 1/2 F2 

IOOg 66.836 66.839 4890 1 601 020 2s22p-2a2& ?p<>- ?8 <%- liz F2 

10 67.828 {67.826 356950 - 1 831 300 2s2p 2 - 2s2prP)3d 2p_ 21'"' %-% F2 
67.826 332710 - 1807080 2s2p2 - 2s2pepo)3s 28_ 2po llz-

100 68.531 68.531 460930 - 1 920 120 2p 3 - 2p 2(-lP)3s 48"_ 4p %- 512 F2 
50 68.637 68.637 460930 - 1917870 2p 3 - 2p 2rp)3s "8°_ "p %-% F2 
10 68.681 68.681 460 930 - 1 916940 2p 3 - 2p 2rp)3s "8°_ "p %-% F2 
10 68.783 68.770? 354080 - 1808200? 2s2p 2 - 2s2pepo)3d 2p_ 4po liz - 1/2 F2 
50 68.825 68.823 354080 - 1807080 2s2p 2 - 2s2pepo)3s 2p_ 2po 1/2- F2 

10 68.904 68.906? 356950 - 1808200? 2s2p 2 - 2s2pepo)3d 2p_ "po %-1/2 F2 
50 68.958 68.959 356950 - 1807080 2s2p 2 - 2s2p(ipo)3s 2p_ 2po %- F2 

215 69.135 69.136 354080 - 1 800510 2s2p 2 - 2s2PCSp)3d 2p_ 200 1/z-% VI 
50 69.258 69.254 356950 - 1800 910 2s2p2 - 2s2prpo)3d 2p_ 200 %-% F2 

100 69.716 69.716 259730 - 1 694 130 2s2p 2 - 2s2prpo)3s 20_ 2po %-% F2 
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AI IX - Continued 

Mult. ReI. Vac. Wavelength (1) Levels (cm-l) Configurations Terms J Ref. 

No. Int. Observed Calculated Lower Upper Values 

50 69.850 69.872? 259760 - 1690940? 2s2p2 - 2s2p~)3s 20 _ 2pe' %- liz F2 
100 70.090 70.069? 460 930 - 1 888 loo? 2p3-2s2pen3p "8°_ z8 %_ liz F2 

1 73.451 73.453 332710 - 1 694 130 2s2p2_ 2s2pcapo)3s 28_ Zpo l/a-% F2 
1 73.625 {73.620 520080 - 1878400 2p3 - 2s2pepo)3p zoo_ zp %-% F2 

73.625? 332710 - 1690940? 2s 2p Z - 2s 2p caPi3s 28 _ 2po 112- liz 

50 74.785 74.784 356950 - 1694 130 2s2p2 - 2s2p~)3s 2p_ 2po %-% F2 
10 77.315 77.326 585180 - 1878400 2p3 - 2s2PctP')3p 2po _ 2p 1/2- % F2 

150 77.381 77.390 585180 - 1877340 2p3 - 2s2pepo)3p 2po _ Zp %_112 F2 
175g 280.114 280.151 o - 356950 2s22p- 2s2p2 zpo _ zp l/z- % VI 
2400 282.407 282.422 o - 354080 2s22p - 2s2p2 Zpo _ zp %_ 112 VI 

345g 284.015 284.042 4890 - 356950 2sz2p-2s2p 2 2po_ zp %-% VI 
215g 286.364 286.377 4890 - 354 080 2s22p - 2s2p2 zpo_ zp %-112 VI 
125g 300.560 300.562 o - 332710 2sz2p- 2s2pz Zpo _ 28 1/2- liz VI 
165g 305.055 305.045 4890 - 332710 2s22p - 2s2p2 zpo _ 28 %- 1/2 VI 

306.91 306.93 2{)9730 - 585540 2s2p?-2p~ 2D_ Zpo %.-%. KG 

307.33 307.30 259760 - 585180 2s2pz-2p 3 20_ Zp<' %-11z F4 
90 316.793 316.797 145270 - 460930 2s2pz-2p 3 4p_ "80 .1Jz-% VI 

120 318.537 318.532 146990 - 460930 2s2p!'!-2p 9 Ap_ AS" %-% VI 
160 321.027 321.058 149460 - 460930 2s2pz-2p 3 4p_ 48C) %-% VI 

384.06 {384,05 259760 - 520140 2s2pz- 2p3 20_ ZOo %-% F4 
384.10 259730 - 520080 2s2pz- 2p 3 ZO_ 20° %-% 

g 384.95 384.97 o - 259760 2s22p- 2s2p2 2po_ 20 I/Z- % K5 
80g 392.418 392.403 4890 - 259730 2s22p - 2s2p2 Zpo _ 20 %-% F4 

395.44 395.52 332710 - 585540 2s2p2- 2p 3 28 _ 2po llz- % F4 
396.05 396.09 332710 - 585180 2s2p2- 2p 3 28_ Zpo llz- liz F4 
432.03 432.04 354080 - 585540 2s2p2- 2p 3 2p_ 2po l/z- % K5 

432.73 432.71 354080 - 585180 2s2pz- 2p3 2p_ 2po llz- % F4 
437.46 437.46 356950 - 585540 2s2p2- 2p 3 zp_ 2po %-% K5 
4;38.18 438.15 356950 - 585180 2s2p2- 2p3 2p_ 2po %- lIz F4 
533.50 533.53 332710 - 520140 2s2p2- 2p 3 z8_ 20° llz- % Tl 
602.18 602.19 354080 - 520140 2s2p2- 2p 3 2p_ 200 1/2- % F4 

613.10 613.09 356950 - 520080 2s2p2_2p 3 zp_ zOo %-% F4 
g 680.3 o - 146990 2s22p - 2s2p2 zpo _ -Ip llz- % 
g 688.4 688.37 o - 145270 2s22p- 2s2p 2 2po _ "p liz - liz Dl 
g 691.7 691.71 4890 - 149460 2s22p- 2s2p 2 Zpo _ "p %-% Dl 
g 703.7 4890 - 146990 2sz2p- 2s2pz Zpo _ "p %.-% 

g 712.4 4890 - 145270 2s22p - 2s2pz 2po _ "p %-1/2 

Wavenumber (cm- I ) 

Ml 4902 4890 o - 4890 2sz2p - 2S22p 2po _ 2po 
1/2 - '%. G2 
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WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

Be I isoelectronic sequence 

Ionization energy 3 216100 cm-1 (398.75 eV) 

A measurement of the 2s 2 IS0 - 2s2p 3Pt line at 
637.85 A [D1] gives a value of x = -21 ±30 em-I for the 
correction to the triplet level values in'MZ79. We have 
here taken the triplet levels from MZ79 with x = 0, which 
is within the uncertainty of the quoted determination. 
Several lines in the region below 65A are given tenta
tively as AI x singlet-triplet intercombination transitions. 
Reevaluations of the data have led to small changes in 
2s 3d 3D and 2s 4/ 3po levels. 

The two features near 7.9 A were observed by Boiko et 
al. in the spectra of laser-produced plasmas [B5]. These 
features arise from K-shell excitation, each being classi
fied as a blend of several transitions. The calculated 
wavelengths were obtained with upper levels based on 
the theoretical wavelengths from [B5]. 

We derived a value of 3 215 920 cm -1 for the ionization 
energy by applying a semi-empirical isoelectronic correc
tion formula to a theoretically calculated value. Edlen's 
[1971] ionization-energy formula for this sequence gives a 
value of 3 216300 cm-1

• The value given above is based 
on these results. 

Alx 
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.Alx 

i i 

Mult. Rei. Vac. Wavelength (1) Levels (cm-1) Configurations Tenns J Ref. 

No. Int. ObseIVed Calculated Lower Upper Values 

90bl 7.934 
f9130 

449732 - (13087200) Is 22p 2-1s2p 3 ID_ lpo 2- 1 B5 

7.9240 0 - (12619900] Is22s 2 - Is2s 22p IS_ lpo 0- 1 
7.9294 409690 - (13021000) Is22p2 - Is2p 3 3p_ 3po 2- 2 

7.9332 300 490 - (12905700) Is22s2p -ls(2S)2s2p2(2P) Jpo_ Ip 1- 1 

7.9462 156798 - (12741400) Is22s 2p - Is (2S)2s 2p 2(,'P) 3po_ 3p 1- 1 

7.9464 160429 - [12744700] Is 22s2p - Is(2S)2s2p2(4P) 3po_ 3p 2- 2 

150bl 7.951 7.9475 155148 - (12737700) 1s22s2v - Is (2S}2s2v 2CZD} 3po _ 3D 0- 1 B5 
7.9476 156798 - [12739200) Is 22s2p - Is(2S)2s2p2(4P) 3po _ 3p 1- 0 
7.9485 160429 - [127414001 Is22s 2p - Is (2S)2s2p 2(4P) 3po_ 3p 2- 1 
7.9489 156798 - (12737200) Is22s2p - IsfS)2s2p2fD) 3po _ 3D 1- 2 
7.9516 160429 - [12736500] Is22s2p - Is(2S)2s2p2(2D) 3po_ 3D 2- 3 

7.9621 449732 - [13009200) IS22p2 - Is2p3 ID_IDb 2- 2 
7.9749 300490 - [12839800] Is 22s 2p - Is(2S)2s2p2(2D) lpo_ ID 1- 2 

7.9749 404574 - (12 943 9001 ls22p 2-1s2p 3 3p_ 3Do 0-1 
7.9762 406517 - [12943800] Is 22p 2,;.. Is2113 3p_ 3Db 1- 2 
7.9787 553783 - (13087200) Is22p2 - Is2p3 IS_ lpo 0- 1 
7.9791 409690 - (12942400] Is22p2 - ls2p3 3p_ 300 2- 3 

100 38.255 38.255? 160429 - 2774450? 2s2p-2s5d 3po_ ID 2- 2 H2 
25 40.421 40.421? 300490 - 2774450? 2s2p-2s5d Ip<'_ ID 1-2 H2 

100 41.730 41.730? 300490 - 2696850? 2s2p-2p4p lpo_ ID 1- 2 H2 
10 44.902 44.902? 300490 - 2527560? 2s2p- 2s4d lpo_ ID 1- 2 F2 
50 50.670 50.669 156798 - 2 130410 2s211-2p3p 3po _ 3p 1- 2 F2 

75 50.717 50.713 156798 - 2 128680 2s2p-2p3p 3po _ 3p 1- 1 H2 
350 50.762 50.762 160429 - 2 130410 2s2p-2p3p 3po _ 3p 2- 2 H2 

50 50.802 50.807 160429 - 2 128680 2s2p-2p3p 3po _ 3p 2- 1 F2 
50 50.903 50.902 155148 - 2 119690 2s2p-2p3p 3po _ 3S 0- 1 H2 
10 50.946 50.945 156798 - 2 119690 2s2p-2p3p 3po _ 3S 1- 1 F2 

10 51.039 51.040 160429 - 2119690 2s2p-2p3p 3p" _ 3S 2- 1 1"2 

350 51.362 r1.356 155 148 - 2102330 2s2p-2p3p 3po _ 3D 0- 1 F2 
51.358 156798 - 2 103900 2s2p-2p3p 3po _ 3D 1- 2 
51.362 160429 - 2 107390 2s2p-2p3p 3po _ 3D 2- 3 

1 51.400 51.400 156798 - 2102330 2s2p-2p3p 3po_ 3D 1- I F2 

1 51.454 51.454 160429 - 2103900 2s2p-2p3p 3po _ 3D 2- 2 F2 
300g 51.979 51.979 .' o - 1923850 2s2-2s3p lS_ Ip<' 0- 1 F2 
220 54.115 54.115 300490 - 2 148410 2s2p-2p3p IP"_ In ] - 2 1"2 

150 55.227 55.227 155 148 - 1 965860 2s2p-2s3d 3po_ 3D 0- 1 F2 

500 55.272 55.271 156798 - 1966080 2s2p- 2s3d 3po _ 3D 1- 2 F2 

750 55.376 55.375 160421 - 1966300 2s2p-2s3d 3po _ 3D 2- 3 F2. 
50 55.731 55.731 300 490 - 2094820 2s2p-2p3p lpo _ Ip 1- 1 F2 
75 56.590 56.590 404574 - 2 171 680 2p2_2p3d 3p_ 3po 0- 1 H2 
10 56.650 56.652 406517 - 2 171 680 2p2_2p3d 3p _ 3pe> 1- 1 F2 
75 56.696 56.700 406517 - 2 170190 2p2_2p3d 3p _ 3po 1- 2 H2 

10 56.762 56.754 409690 - 2 171 680 2p2_2p3d 3p _ 3po 2- 1 F2 
200 56.802 56.802 409690 - 2 170 190 2p2_2p3d 3p_ 3po 2- 2 F2 
250 56.945 fifi.945? 404 fi74 - ? 160 650? 2p2_ 2p3d 3p_ 3Do 0- 1 H2 

150 56.964 56.966 406517 - 2 161 960 2p2_2p3d 3p_ 300 1- 2 F2 
250 57.024 57.024 409690 - 2 163340 2p2_2p3d 3p_ 3Do 2- 3 F2 

10 57.072 57.069 409690 - 2 161 960 2p2_2p3d 3p_ 3Do 2- 2 F2 
75 57.116 57.112? 409690 - 2 160 650? 2p2_2p3d 3p_ 3Do 2- 1 H2 

350 57.368 57.368 449732 - 2192860 2p2_2p3d ID_ Ira 2- 3 F2 
10 57.663 57.635? 406517 - 2 141 580? 2p2_2p3d 3p_ 100 1- 2 F2 

1 5R-R08 58.802 155148 - 1 855760 2s2p- 2s3s 3po_ 3S 0- 1 F2 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 
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AI x - Continued 

Mult. Rel. Vae. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

100 58.858 58.859 156798 - 1855760 2s2p-2s3s 3pa _ as 1- 1 F2 

150 58.987 58.986 160429 - 1855760 2s2p- 2s3s 3p"_ as 2- 1 F2 
300 59.107 {59.107? 300 490 - 1992340? 2s2p-2s3d IP" _ ID 1- 2 F2 

59.107? 449732 - 2141580? 2p2_2p3d ID_ JDo 2- 2 

10 59.298 {59.266? 404574 - 2091870? 2p2_2p3s ap_ IP" 0- 1 F2 
595\351 406517 - 2. 0918701 2]>2 - 2113s 3p _ Jpo 1- 1 

50 60.052 60.039? 300 490 - 1966080? 2s2p-2s3d IP"_ an 1- 2 F2 
205 60.632 6O.583? 406517 - 2057140? 2p2_2p3s 3p_ 3po 1- 2 VI 

10 60.700 6O.7oo? 409690 - 2057140? 2p2_2p3s 3p_ 3po 2- 2 F2 
185 60.896 6O.896? 449732 - 2091870? 2p2_ 2p3s ID_ lpo 2- 1 F2 
200 63.134 63.134 300 490 - 1884420 2s2p- 2s3s lpo_ 18 1- 0 F2 

10 64.269 64.2987 !l00 490 - 1 855760? 2s2p- 2s3s IP" _ as 1- 1 F2 
175 65.032 65.016? 553783 - 2091870? 2p2_2p3s 18 _ lpo 0- 1 VI 
50 65.821 65.821 404574 - 1923850 2p2-2s3p 3p_ lpo 0- 1 F2 

177.80 {177.77 1 966030 - 2528570 2s3d- 2s4( 3D_ 31'"' 2- 3 F3 
177.84 1966270 - 2528570 2s3d-2s4( 3D_ 3fO 3- 4 

20g 332.78 332.79 0 - 300 490 2s 2 _ 2s2p 18 _ lpo 0- 1 K5 
341.37 156798 - 449732 2s2p-2p 2 3p"_ ID 1- 2 
345.66 160429 - 449732 2s2p_2p 2 31"'_ In 2- 2 

394.83 394.80 300 490 - 553783 2s2p-2p 2 lpo _ IS 1- 0 F4 
395.44 395.43 156798 - 409690 2s2p-2p 2 3po_ 3p 1- 2 F4 

397.85 397.82 155148 - 406 517 2s2p-2p 2 3po_ 3p 0-1 F4 
400.46 400.45 156798 - 406517 2s2p-2p2 3p"_ 3p 1- 1 F4 

10 401.183 401.186 160429 - 409690 2s2p-2p2 3po _ 3p 2- 2 sa 
403.60 403.59 156798 - 404574 2s2p-2p 2 3p<'_ 3p 1- 0 F4 
406.39 406.36 160429 - 406 517 2s2p-2p 2 31"'_ 3p 2- ] F4 

9 637.85 637.76 0 - 156798 2s2 -2s2p 18_ 3pa 0-1 Dl 
670.06 {670.05 300 490 - 449732 2s2p-2p 2 Ip"_ ID 1- 2 F4 

670.06? 1992340 - 2141580? 2s3d- 2p3d ID_ IDo 2- 2 

J. Phvs. Chem. Ref. Data. Val. 2Q. Na. 6.. 1.Q.Qt 
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AI XI 

Li I isoelectronic sequence 

Ground state ls22s 2S112 

Ionization energy 3 564 960 ± 250 cm-1 (442.00 ± 0.03 eV) 

We have reevaluated the ls24p, 4d, and 4flevels using 
wavelength determinations by Fawcett and Ridgeley [F9]. 
The 1s24/ 2p levels are given in brackets because we 
fixed their fine-structure separation at the Z -scaled hy
drogenic value. The ionization energy is based on the re
vised 1s24f position and a theoretical 4f term value 
[MZ79]. The 1S25d and Sf levels were evaluated using 
methods described by EdIen [1979] with the adopted ion
ization energy; the corresponding calculated wavelengths 
for the 3p - 5d and 3d - Sf lines are probably more accu
rate than the available measurements [J3]. 

Several features observed between 7.80 and 7.93 A 
lave been classified as transitions from upper levels of 
he K-shell excited configurations lS2s 2

, 1s2s2p, and 
ls2p2 [F7, A4, M2]. Since most of these features are 
blends, we evaluated the upper levels using calculations 
by Vainshtein and Safronova [1975] and a correction for 
QED and some smaller contributions not included in 
their calculations. After reducing the ls22p -ls2s2

, 

1s215 -1s152p and 1s22p -1s2p2 separations of 
Vainshtein and Safronova by 1420 cm-t, as an average 
correction, we derived the 1s152, ls2sZp, and ls2p2 dou
blet levels by combining these adjusted separations with 
the 1s 22s and 1s22p levels of MZ79. The ls2s2p 4po and 
1s2p2 4p levels were determined in a similar manner, the 
level separations being further adjusted to give optimal 
agreement with measurements of the 1s2s2p 4pO _1s2p2 
4p lines (523 - 542 A) [B7,Tl]. 

We have also included features classified by transitions 
flom still higher K-shell exdted kvels assigned tu config
urations of the type 1s213/' [A4, B6, F6]. The calculated 
values given for most of these levels were obtained from 
theoretical wavelength~ [Vainshtein and Safronova, 1980] 
corrected to include Lamb shifts and adjusted to the val
ues for the lower levels in MZ79. 

AI XI 

Mult. ReI. Vac. Wavelength (A) Levels (cm-l) 
No. Int. Obscrvcd Calculated Lower Upper 

3g 6.7435 6.7435 o - 14829 100 
9 6.7775 {6.7760 176019 - 114 .9340001 

6.7762 176019 - [14933600] 
6.7776 181 808 - [14936400] 
6.7788 181808 - (14933600) 

13g 6.7921 C'7884 176019 - [14907000J 
6.7911 181 808 - [14907000J 
6.7926 o - {14 721 800] 

27 6.8045 {6.6026 176019 - [14876300J 
6.8027 176019 - {14 876 000] 
6.8033 181 808 - (14 880600] 
6.8054 181 808 (14876000) 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 
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Configurations Terms J Ref. 
Values 

ls2ctS)2s- Is2sctS)3p 2S- 2po t12- B6 
ls2(lS)2p- Is2pctPO)3p 2po _ 2p 112- % B6 
ls2ctS)2p- ls2pePj3p 2po _ 2D 1/2- % 
ls2(lS)2p- ls2pepo)3p 2po _ 2p %- % 
Is2ctS)2p- Is2pepo)3p 2po_ 2D %-

Is2ctS)2p- Is2Pcapo)3p 2po _ 28 1/2- % B6 
ls2(IS)2p - Is2pCPj3p 2po _ 28 %- 112 
Is2(1S)2s- Is2s(l8)3p 28_ 2po 1/2 -

Is2ctS)2p- Is2pCpo)3p 2po _ 2D 1/2- % B6 
Is2ctS)2p- Is2s(lS)3d 2po _ 2D 112- % 
Is2e8)2p- Is2p(lpo)3p 2po_ 2D %- % 
lS2(IS)2p_ Is2p(lS)3d 2po_ 2D %-



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 841 

AI XI - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (cm-1) Configurations Tenns J Ref. 
No. Int. Observed Calculated Lower Upper Values 

5bl 6.8215 6.8238 176019 - (14830600) Is2(18)2p- Is2p(3PJ3p 2P"_ 2p %- % B6 
3bl 6.8277 6.8265 181808 - (14830600) 1s2(18)2p_ Is2p(3P")3p 2P"_ 2p %- % B6 
3 6.8463 {6.8445 176019 - 14786300 Is2(18)2p- Is 2s(38)3d 2p"_ ZD 1/2_ % B6 

6.8472 181808 - 14786300 Is2(1S)2p- Is2s(38)3d zP"_ 2D %-
10 7.774 

f7715 
2020450 - (14888000) 182(18)3s- Is2p(1P")3s 28_ 2P" l/z_ % A4.F'6 

7.7722 2020450 - (14886800) Isz(18)3s- Is 2p(1P")3s 28_ 2P" 1/2_ % 
7.7725 2 070 520 - {14 936 400} IS2(18)3p- ls2p(IPj3p 2po_ 2p 3/2- 3Jz 
7.7729 2068 770 - (14934000) Is2(18)3p- Is2p(1P")3p 2P"_ 2p llz_ liz 
7.7731 2068770 - [14933600] Isz(18)3p- Is2p(1P")3p zP"_ zD llz- % 
7.7742 2070520 - (14933600) IsZ(18)3p_ 182p(IP")3p zP"_ zD %-

7.7963 {7.7961 176019 - [13002900] Is2(18)2p- 182p 2 2p"_ 28 %- liz A4 
7.7996 181808 - [13002900] IS2(18)2p- Is2p 2 2P"_ 28 %- 1/2 

7.8069 rs~ 2070520 - [148806001 182e8)3p- Is2pePj3p 2P"_ 2D 312;" % F7 
7.8079 2068770 - (14876300) 1s2(18)3p- Is 2p (3P")3p 2P"_ 2D %- % 
7.8090 o - [12805800] Is2(18)2s- 18fS)2s2p(1PO) 28_ 2po 1/2- % 
7.8099 o - [12804300] 182(18)2&- 18(8)2&2p(1po) 28_ 2p" llz- liz 

g 7.8471 {7.8470 o - [12743800] 182(18)2&- Is(8)2s2p(3PJ 2S_ 2p" 1/2- % F7 
7.8489 o - [12740600] Is2(18)2&- Is fS)2&2p(3P") 2S_ 2P" %- % 

7.8571 r8647 176019 - [12907200} 1s2(18)2p_ ls2p2 2P"_ 2p llz- % F7 
7.8581 176019 - [12901 700] Is2(1S)2p- Is2p2 2p"_ 2p %- % 
7.8583 181808 - [12907200] Is2(18)2p- Is2p2 2P"_ 2p %- % 

7.8756 roS71S 176019 - (12879600) Is2(1S)2p- Is2p2 2P"_ 2D l/Z- % A4 
7.8754 181808 - [12879600] 1s2(18)2p- Is2p2 2p"_ 2D %- % 
7.8761 181808 - [12878500] Is2(18)2p- 182p 2 2P"_ 2D %- % 

g 7.929 7.9298 o - [12610670} 1s2(l8)2&- Is (8)2& 2p (3PO) z8_ "P" 1/2- % M2 
2g 29.416 29.416 o - 3399500 Is2(1S)2&- Is2ct8)9p 28_ 2p" 1/2_ F5 

3g 29.793 29.793 o - 3356500 lS2(18)28- 1s2(lS)8p 2S_ 2po 1/2- F5 
4g 30.376 30.376 o - 3292100 Is2ctS)28- 182(1S)7p zS_ 2p" 112_ F5 
5g 31.313 31.313 o - 3193600 1s2(IS128- lS2(lS)6p 2S_ 2p" %.- F5 
1 31.426 31.426 176019 - 3358100 18 2(IS)2p- 182(1S)8d 2po_ 2D lJz- % F5 
2 31.483 31.483 181808 - 3358100 lsz(1S)2p- Is 2(1S)8d 2po _ 2D %- % F5 

2 32.068 32.069 176019 - 3294300 18Z(IS)2p- ISZ(IS)7d zP"_ 2D J/
2

_ % F5 
3 32.128 32.129 181808 - 3294300 182(1S)2p..;.. lsz(1S)7d 2po _ 2D 312 _ filz F5 
9g 33.007 33.007 o - 3029700 ls2(1S)28- Isz(1S)5p 2S_ 2po ilz- F5 
3 33.109 33.108 176019 - 3 196400 182(IS)2p- IsZctS)6d 2po_ 2D 1fz- % F5 
5 33.172 33.172 181808 - 3 196400 1s2(IS)2p_ 1s2(lS)6d 2po _ 2D 3/2_ 1?/2 F5 

9 34.994 34.998 176019 - 3033360 18Z(IS)2p- lsZctS)5d 2P"_ 2D 1/2- % F5 
10 35.065 35.067 181808 - 3033470 Is2ctS)2p- Isz(1S)5d zP"_ 2D %- % F5 
2 35.163 35.166 176019 - 3019700 ls2(lS)2p_ 182(lS)58' 2P"_ 28 I/B_ lIB F5 
2 35.239 35.237 181808 - 3019700 182(IS)2p- 182(IS)5s 2po_ 2S %- lJz F5 

12g 36.675 {36.671 o - 2726910 Is2(1S)2&- IsZctS)4p 2S_ Zpo lJz- % F5 
36.682 o - 2726120 182(1S)2&- 182(1S)4p 28_ 2po Ih.- 1/2 

10 39.091 39.092 176019 - 2734 no 1s2(1S)2p- 1s2(lS)4d ZP" _ 2D 112_ %. F5 
12 39.180 39.175 181808 - 2734440 Isz(18)2p- Is2ct8)4d 2p"_ 2D %- % F2 
6 39.530 39.531 176019 - 2705700 1s2(lS)2p- 182(1S)48 2P" _ 2S 1/2- 1fz F5 
7 39.6?-3 39.621 18t 808 - 2705700 1$2(IS)9,p _ }g2(IS)4s 2.P"_ 2S %- % F5 

15g 48.297 48.297 o - 2070520 Is2(1S)2&- Is2(18)3p 2S_ 2P" 1/2- % F2 

15g 48.338 48.338 o - 2068770 182(1S)2& - 182(1S)3p 2S_ 2po 11z- % F2 
12 52.299 52.299 176019 - 2088100 IS2(IS)2p_ Is2(IS)3d 2P"_ 2D %- %. F2 
15 52.446 52.446 181808 - 2088530 1s2(18)2p- Is2(1S)3d 2p"_ 2D %- % F2 
5 54.217 54.217 176019 - 2020450 182(18)2p- 182(IS)3s 2P" _ 2S 1/2- % F2 
6 54.388 54.388 181808 - 2020450 182(1S)2p- 182(1S)3s 2P"_ 2S %- % F2 

103.8 {103.67 2068770 - {3 033 3601 Is2(lS)3p- ls2(lS)5d 2po_ 2D 1/2_ 3/2 J3 
103.85 2070520 - [3033470J 18z(lS)3p- 182(lS)5d 2P"_ 2D %- °/2 

105.7 {105.75 2088 100 - (3033700) 182(lS)3d- 182(1S)5/ 2D_ 2.,., %- % J3 
105.79 2088530 - [3033760] 182(1S)3d- 182(IS)5.( 2D_ 2fO 6/'1_ % 

141.55 141.55 2020450 - 2726910 152 IS 35- Is2 IS 4 ( ) ( ) p 2S_ 2po 112- %. F9 
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AI XI - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

141.71 141.71 2020450 - 2726120 1s2(lS)3s- lS2(IS)4p 2S- 2po 112- 1/2 F9 
150.30 150.30 2068770 - 2734110 Is 2eS)3p- 1s2ctS)4d 2po_ 2D 112_ % F9 
150.62 150.62 2070520 - 2734440 1s2(lS)3p_ 1s2(lS)4d 2po_ 2D %- % F9 
154.60 154.61 2088100 - [27348701 1s2(IS)3d- IS2(ISHf 2D_ 2p> %- % F9 
154.69 154.69 2088530 - [27349801 1s2eS)3d- Is2(1S}lf 2D_ 2p> %- % F9 

523.02 522.99 [12 606 780] - [127979901 1s(2S)2s2p~ - Is2p2 4po_ 4p %- % B7 
526.67 526.68 (12 605 220] - (12795090] IseS)2s2p~po)- Is2p2 4po_ 4p %- % B7,Tl 
531.03 531.04 [12606 780) - (12795090) Is (2S)2s 2p caP)- Is2p2 4po_ "p %- % B7,Tl 

bl 533.7 533.85 (12 610 670] - (12797990) lsrS)2s2p~ - ls2p2 4po_ 4p %- % Tl 
bl 534.0 534.02 [12 605 220] - [12792480] lsrS)2s2PcaP)- Is2p2 4po_ "p 112_ 112 Tl 

538.48 538.50 [12 606 780J - [12792480] Is rS)2s2pcaPj- ls2p2 4po_ 4p %- % B7,Tl 
542.25 542.24 [12 610 670] - (12795090) ls(2S)2s 2p caP) - ls2p2 4po_ 4p %- % B7,Tl 

100g 550.03 550.03 o - 181808 182(1S)2s- Is2(1S)2p 2S_ 2po %- % F4,K5 
50g 568.12 568.12 o - 176019 182(IS)2s- ls2(1S)2p 2S_ gPO 1/2- % F4 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI XII 

He I isoelectronic sequence 

Ground state ls2 ISO 

Ionization energy 16824529 ± 250 cm -1 (2085.98 ± 0.03 e V) 

. The ionization energy and the Is 21 levels are theoreti
cal values from Drake [1988]. The other lsnl levels are 
also theoretical values, derived from calculated term val
ues and Drake's ionization energy (see Martin et al. 
[1990] for sources of term values, etc.). The calculated 
wavelengths for the transitions from upper lsnl levels 
have e!\timated uncertainties from Jess than unity to at 
most a few units in the last decimal place; in most cases 
the calculated wavelengths are expected to be more accu
rate than the obselVed values. 

The relative intensities for the 1s 2 -1snp lines are 
meant only as a rough guide and do not correspond to any 
specific plasma conditions. 

The values of the 2s 2, 2s '2p, and 2p 2 levels are based on 
theoretical calculations by Vainshtein and Safronova 
[1978], adjusted here to include QED contributions and 
also for consistency with the adopted 1s21level values. 
Transitions of the type lsnl - 2l'nl" (n ;?!2) from 
doubly-excited configurations in AI XII give rise to 
"satellite" features near the Al XIII 1s 2S - 2p 2po reso
nance doublet at 7.17 A. The most prominent of these 
satellites are due to transitions with n = 2; . we have in
cluded several such features, which lie on the long wave
length side of the AI XIII doublet. Satellite transitions 
involving configurations with n;?! 3 (omitted here) lie 
nearer the Al XIII doublet and may affect its structure and 
shape from both the long and short wavelength sides 
[B9]. 

AI xu 
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Mult. ReI. Vac. Wavelength (A) Levels (cm-1) Configurations Terms J Ref. 
No. Int. ObseIVed Calculated Lower Upper Values 

109 5.9925 6.0000 0 - [16666564] Is2- Is10p IS_ lpe 0- 1 A4 
15g O.U1OO 0.0134 0 - [10 0~9 519J ls<l- Is9p JS_ Jpe 0- 1 A4 
20g 6.0299 6.0322 0 - [16577 7341 Is2- Is8p IS_ lpe 0- 1 A4 
25g 6.0595 6.0598 0 - {16 502 2101 Is2- ls7p IS_ lpe 0- 1 A4 
35g 6.1010 6.1028 0 - [163858681 Is2- Is6p IS_ lpe 0- 1 A4 

50g 6.1750 6.1755 0 - [16 1929751 Is2- Is5p IS_ lpe 0- 1 A4 
9 6.1773 0 - [16 1882991 Is2- Is5p IS_ 3pe 0- 1 

100g 6.3142 6.3139 0 - (158380681 Is2- 1s4p 18- lpe 0- 1 F7 
9 6.3176 0 - [158288231 Is~- Is4p IS_ 3pe 0- 1 

400g 6.6351 6.6348 0 - [150721411 Is2- 1s3p IS_ lpe 0- 1 F7 

20g 6.6449 6.6447 0 - [15049634] Is2- Is3p 18- 3po 0- 1 B8 
13 7.1936 7.1929 [12891081J - [267937001 Is2p- 2p2 lpe_ IS 1- 0 B9 
6 7.206 7.2319 [12815760J - [26643400J Is2s- 2s2p IS - lpo 0- 1 B9 
4 7.2501 7.2509 [12703061] - (26494500] Is2s- 2s2p 38_ 3pe 1- 2 B9 
3 7.2546 7.2545 [12703061] - (264876001 Is2s- 2s2p 38_ 3pe I- I B9 

- - 3 - 3 -{7.2560 [12703061J [26484800J Is2s 2s2p s po o 



AI xn - Continued 

Mult. ReI. Vac. Wavelength (A) Levels (em-I) Configurations Tenus J Ref. 

No. Int. ObselVed Calculated Lower Upper Values 

2 7.2596 f2581 [12 809 088] - (26 586 8oo] Is2p- 2p2 3po_ 3p 1- 2 B9 
7.2605 [12 807 847] - [26581 loo] Is2p- 2p2 3po_ 3p 0- 1 
7.2608 (12814213) - [265868oo] Is2p- 2p2 3po_ 3p 2- 2 
7.2611 [12809088] - [26581 100] 182p- 2p2 3p"_ 3p I- I 
7.2629 [12809088] - [265777oo] Is2p- 2p2 3po_ 3p 1- 0 
7.2638 [12 814 213] - [26581 loo} Is2p- 2p2 3po_ 3p 2- 1 

17 7.2751 7.2759 [12891 081] - [266351oo] Is2p- 2p2 lpo_ '0 1- 2 A4,B9 
l000g 7.7575 7.7573 0 - [12891 081} ls2- Is2p '8_ lpo 0- 1 F7 

g,M2 7.8038 0 - [12814213] 182
- ls2p '8_ 3po 0- 2 

50g 7.8069 7.8070 0 - [12809088] Is2- Is2p 18_ 3po 0- 1 F7 
g,b~Ml 7.873 7.8721 0 - [12 703061] Is2- Is2s 18_ 38 0- 1 P3 

33.023 [12807847] - [15836000] Is2p- Is4d 3po_ 3D 0- 1 

33.037 [12809088] - [15836017] Is2p- Is4d 3po_ 3D 1- 2 
33.090 [12814213] - [15836256} ls2p- ls4d 3po_ 3D 2- 3 
33.950 [12891081] - [15836581] Is2p- ls4d lpo_ 10 1- 2 
42.588 [12703061] - [15051 152J ls2s- ls3p 38_ 3po 1- 2 
42.615 [12703061J - [15049634] Is28- ls3p 38_ 3po 1- 1 

42.622 [12 703061] [15049244) ls2s- ls3p 38_ 3po 1- 0 
44.265 [12807847] - [15066988] 1s2p- Is3d 3po_ 3D 0- 1 
44.288 [12809088] - [15067034] Is2p- Is3d 3po _ 30 1- 2 
44.319 [12815760] - [15072141J 152s- Is3p 18 _ lpo 0- 1 
44.378 [12814213] - [15067596J ls2p- ls3d 3p"_ 3D 2- 3 

45.929 [12891 081] - [15068371] ls2p- ls3d lpo_ 10 1- 2 
88.86 [15066988] - [16 192318] Is3d- Is5! 30_ 3F" 1- 2 
88.87 [15 067 034] - [16 192318] Is3d- Is5! 30_ 3F" 2- 3 
88.91 [15067596] - [16192318] Is3d- Is5! 30_ 3F"- 3- 4 
88.97 [15068371] - [16 192318] Is3d- Is5! 10_ IF" 2- 3 

123.61 [15020463] - [15829460] Is3s- ls4p 38_ 3po 1- 2 
123.71 [15020463] - [15828823] Is3s- ls4p 38_ 3po 1- 1 
123.73 [15020463] - [15828659J Is3s- Is4p as- 3po 1- 0 
126.93 [15050257] - (15838068J 153s- Is4p 18_ lpo 0- 1 
127.10 [15049244] - [15836000] Is3p- Is4d 3po_ 3D 0- 1 

127.16 [15049634] - (15836017) Is3p- Is4d 3po_ 3D 1- 2 
127.37 [15051 152) - (15836256) Is3p- Is4d 3pe> _ 3D 2- 3 
129.92 (15066988] - (15836714] ls3d- Is4! 30_ 3F" 1- 2 
129.92 [15067034] - (15836714] Is3d- Is'lf 30_ 3F" 2 ... 3 
130.02 [15067596J - (15 836 714] Is3d- Is4! 30_ 3F" 3- 4 

130.15 [15068371] - [15836714] ls3d- ls4f 10_ IF" 2- 3 
130.82 (15072 141} - [15836581] ls3p- Is4d lpo_ 10 1- 2 
281.16 [158367141 - {I6 192385] Is 41- !s5g F"-G 
517.67 [16 192 385J - [16385557] ls5g- 186h G- HO 

899.63 899.67 [127030611 - fl2 814213) 182s- 182» 38_ 3po 1- 2 K6 

943.19 943.16 [12703061) - (128090881 1828- 182p 38_ 3po 1- 1 K6 
954.4 954.33 [12703061) - [12807847] 182s- Is2p 38_ 3pe 1- 0 K6 

1327.65 [12815760] - [12891 081] Is2s- ls2p IS_ 'po 0- 1 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

AI XIII 

H I isoelectronic sequence 

Ground state 1s 2Sl/2 

Ionization energy 18 584144±2 cm- 1 (2304.1410±O.0007 eV) 

References The ionization energy and the 2r and 2p levels are from 
Mohr's calculations. The levels for n ~ 3 are from 
Erickson's calculations, adjusted to Mohr's value for the 
ionizatiori energy. We included estimated small correc
tions to the QED contributions for the 3s and 4s levels. 
The calculated wavelengths have estimated uncertainties 
in the range from less than unity to a few units in the last 
decimal place. 

A4 Aglitskii, E. V., Boiko, V. A., Zakharov, S. M., Pikuz,'S; A., a 
Faenov, A. Ya. [1974], Sov. J. Quantum Electron. 4, 500-5 
The experimental wavelengths in this paper have been increas 
by 8 parts in lOS; see Martin, W. C. [19811 Phys. Scr. : 
725-731. 

Mult. ReI. Vae. Wavelength (1) 
No. Int. Observed Calculated 

6g 5.435190 
3g 5.435215 
7g 5.448078 
3g 5.448113 

12g 5.4634 {5.466200 
5.466249 

15g 5.4914 {5.492852 
5.492926 

20g 5.5341 {5.534429 
5.534549 

30g 5.6039 {5.604794 
5.605005 

60g 5.7392 {5.739127 
5.739560 

200g 6.0529 {6.052529 
6.053670 

1000g 7.1709 7.170906 

500g 7.1765 7.176317 
25.59415 
25.59683 
36.60123 
25.66174 

28.65719 
28.66052 
28.67133 
28.74018 
38.65048 

38.65652 
38.70312 
38.79261 
75.5880 
75.5949 

75.6333 
75.7533 
75.7536 
75.8063 

110.4550 

AI XIU 

Erickson. O. W. [1977] J. Phys. Chern. Ref. Data 6. 831-869. 
Mohr, P. J. [1983], At. Data Nuel. Data Tables 29,453-466. 

Levels (em-I) Configurations Terms J Ref. 
Lower Upper Values 

c------------
0 - [18398621J ls- lOp 28_ 2po 1/2- % 
0 - [18398537J Is- lOp 28_ 2po 1/2- 112 
0 - [18355096] Is- 9p 28_ 2po %- % 
0 - [18354980] ls- 9p 28_ 2po %- 112 
0 - [18294243J Is- 8p 28_ 2po 1/2- % A4 
0 - [18294079J Is- 8p 28_ 2po %- % 

0 - [18205479] Is- 7p 28_ 2po %- % A4 
0 - [18205234] Is- 7p 2S_ 2po %- 112 
0 - [18068710J Is- 6p 28_ 2po %- % A4 
0 - [18068320] Is- 6p 2S_ 2po 112- 112 
0 - [17841 868] Is- 5p 2S_ 2po 1/2- % A4 
0 - [17841 196] Is- 5p 2S_ 2po 1/2- % 

o· - [17424254] Is- 4p 2S_ 2po 112- % A4 
0 - [17422939] Is- 4p 2S_ 2po 112- 1/2 
0 - [16522020] Is- 3p 2S_ 2po %- % A4 
0 - [165189051 Is- 3p 2S_ 2po 1/2- 112 
0 - [13945238.5] Is- 2p 2S_ 2po %- % A4 

0 - [13 934 724.9] 18- 2p 28_ 2po 1/2- 1/2 A4 
[13 934 724.9J - [17841 867] 2p- 5d 2po _ 2D 1/2- % 
[13 935 134.0] - [17841 868] 2s- 5p 28_ 2po 1/2- % 
[13 036 134.0] - (17841 106] 23- 6p 28_ ?r" 1/2- 112 
[13 945 238.5J - [17842090] 2p- 5d 2po_ 2D %- % 

[13 934 724.9J - [17424251] 2p- 4d 2po _ 2D 1/2- % 
[13 935 134.0) - (17424254) 2s- 4p ?s- ?po 112- ~''h 

[13935 134.0] - [17422939] 2s- 4p 2S_ 2po 1/2- 112 
[13945 238.5] - [17424688] 2p- 4d 2po_ 2D %- % 
[13 934 724.9] - [16522015] 2p- 3d 2po_ 2D 1/2- % 

[13 935 134.0] - [16522020] 2s- 3p 2S_ 2po 1/2- % 
[13935 134.0] - [16518905] 2s- 3p 2S_ 2po 112- % 
[13945238.5] - [16523049] 2p- 3d 2po_ 2D %- % 
[16518905] - [17841 867] 3p- 5d 2po _ 2D 112- % 
[16519027] - [17841 868] 3s- 5p 28_ 2po 1/2- % 

(165190271 - [17841 196J 3s- 5p 28_ 2po 1/2- 1/2 
[165220151 - [17842090] 3d- 5f 2D_ 21"" %- % 
[165220201 - [17842090] 3p- 5d 2po _ 2D %- % 
[16523049] - (17842201) 3d- 5/ 2D_ 2F" %- 712 
[16518905] - [17424251] 3p- 4d 2po _ 2D %- % 
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AI xm - Continued 

Mult. ReI. Vac. Wavelength CA) Levels (cm-I ) Configurations Terms J Ref. 
No. Int. Observed Calculated Lower Upper Values 

110.4695 [16519027] - [17424254J 3s- 4p 28_ 2po 1/2 - % 
110.6302 [16519027J - [17422939J 3s- 4p 28_ 2po 112_ liz 
110.7822 (16522015J - [17424687J 3d- 4/ zD_ zr %- % 
110.7827 [16522020] - [17424688J 3p- 4d 2po_ 20 3Jz- 61z 
110.8824 [16523049J - [17424905] 3d- 4/ 20_ 2F' %- % 

238.704 [17422939) - [17841867] 4p- 5d 2po_ 20 112- % 
239.327 [17424251] - [17842090] 4d- 5f zO_ 2F' %- % 
239.328 [17424254] - (17842090) 4p- 5d zpo_ 20 %- % 
239.513 [174246871 - (178422011 4/- fig 2r_2G %- % 
239.514 [17424688] - [1784220l] 4d- 5f 20_ 2F' %- % 

239.600 [17424905] - {l7 842 2681 4/- 5g 2F"_ 2G 1Jz- % 

Air Wavelength (1) 

9896.6 [13 935 134.0} - [13945238.5] 2s- 2p 28_ 2po 1/2_ % 

Wavenumber (em-I) 

409.1 [13934724.91 - (13 935 134.0J 2p- 2s 2po _ z8 lh- lIz 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 



Wavelength CA) Int. 

Vacuum 

137.46 g,a 
137.83 g,a 
138.10 g,a 
138.83 g,a 
143.95 g,a 
144.1 7 g,a 
145.88 3a 
146.26 3a 
150.40 2a 
150.94 3a 
151.84 5a 
152.32 3a 
152.72 6a 
152.85 3a 
153.06 2a 
153.25 2a 
153.62 2a 
153.88 4a 
154.26 la 
154.45 la 
154.84 5a 
154.99 2a 
155.10 2a 
155.45 20a 
155.83 lOa 
156.05 9a 
156.25 7a 
156.65 2a 
156.72 2a 
156.87 2a 
157.03 la 
157.13 Sa 
157.27 9a 
157.44 2a 
157.64 la 
157.86 2a 
157.98 2a 
158.08 2a 
159.25 Sa 
169.07 9g 
169.73 6 
169.82 7 
170.11 1 Og,bl 
170.24 8 
170.49 7 
170.57 6 
171.04 2 
171.12 3 
171.37 6 
172.1 2 
172.31 2 
172.45 2 
172.62 7 
175.02 6 
486.95 70g 
511.215 250g 
560.390 500g 
644.3339c 
645.3063c 
670.144 100 
671.198 200 
677.0819c 
678.154& 
678.1564<: 

WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 

3. Finding List for AI I through AI III 

Spectrum Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum 

683.529 2g n 1182.379 57g,a 1 

689.936 5g n 1185.660 81g,a I 

fiI 695.817 500g m 1185.79 57g, a I 

III 696.212 400g m 1186.346 60g,a I 

III 699.489 109 IT 1189.1854 125 I( 

III 714.695 20g n 1190.0518 150 n 
DI 725.716 200 m 1190.939 94g, a I 

DI 726.948 300 m 1191.34 75g, a I 

I 739.6707c m 1191.8111 190 n 
I 740.9514c m 1192.211 130g,a I 

I 740.9550c m 1192.320 140g,a I 

I 741.182 25g n 1192.60 lIT 

I 794.475 20g n 1193.807 86g,a I 

I 855.040 400 m 1194.955 62g, a I 

I 856.768 500 m 1197.73 36g,a I 

I 862.382 19,E2 m 1198.482 65g, a I 

I 892.056 400 m 1198.686 125g,a I 

I 893.905 450 m 1199.34 86g,a I 
I 905.152 20 n 1199.959 120g,a 1 

I 908.342 lE2 n 1200.095 91g,a I 

I 910.916 10 I( 1200.459 96g,a I 

I 911.497 10 IT 1200.853 150g,a I 

I 911.9457 40 IT 1202.066 34g, a I 

I 919.672 30 II 1202.463 160g,a 1 

I 920.3166 50 II 1208.3522 150 II 

I 920.7160 50 IT 1209.165 55g, a I 

I 921.3670 75 IT 1209.1914 100 II 

I 932.4075 20 II 1210.0817 125 II 

I 932.9385 40 IT 1210.803 110g,a I 

I 933.4077 50 II 1211.8983 150 II 

I 933.9382 75 IT 1211.953 125 II 

I 934.0150 100 n 1212.33 105g,a I 

I 935.0198 100 IT 1213.425 165g,a I 

I 935.2752 l00g II 1213.954 78g,a I 
I 952.6301 75 II 1214.653 265g,a I 

I 953.1822 100 II 1215.084 96g,a I 

I 954.3050 125 n 1216.212 260g,a 1 

I 954.8466 100 II 1229.783 160g,a I 
I 955.9766 125 II 1231.484 455g,a I 

I 985.9802 100 u 1234.85 1000g,a I 
I 986.5712 125 II 1235.587 50g, a I 

III 987.7772 150 IT 1237.298 1000,a I 
ill 989.0525 75 n 1237.442 590g,a I 

DI 989.6475 100 IT 1237.986 230g,a I 
ill 990.8623 125 D 1238.628 550g,a 1 

m 1047.8893 150 D 1238.810 260g, a I 

m 1048.5588 170 I( 1239.162 775g,a I 

lIT 1049.9233 190 II 1240.352 1035g,a I 

III 1054.6031 100 D 1240.531 425g,a I 

ill 1055.2802 125 n 1254.9330 III 
III 1056.6613 150 n 1254.969c III 

m 1071.73Oc m 1255.284<: IU 

m 1071.757c m 1268.8585 125 II 

III 1118.1730 HI 1262.24& III 
1lI 1118.202c 1lI 1262.44Oc 1lI 

III 1118.353c m 1266.6481 150 II 

DI 1132.726 35 II 1269.956 285g, a I 

m 1142.9529 100 IT 1271.765 620g,a I 

1lI 1157.0881 125 n 1274.05 IU 

lIT 1158.2103 100 II 1279.45 1780g,a I 

ill 1162.66 10 m 1284.454 75g,a I 

III 1169.860 3E2 u 1286.325 155g,a I 

m 1177.4371 125 n 1286.789 1100g,a I 

ill 1179.3541 125 II 1287.532 395g,a I 

III 1181.907 36g,a I 1287.946 730g,a I 

m 1182.01 26g,a I 1288.210 570g,a I 

Wavelength CA) Int. SpectruJ 

1288.650 2090g,a 1 
1289.393 335g,a I 
1289.812 1890g,a I 
1290.076 475g,a I 

1336.05 DI 
1350.1782 150 n 
1352.857 100 DI 

1368.908 705g, a I 

1371.010 ll~Og,a r 
1371.2401 150 n 
1379.670 600 m 
1384.140 800 m 
1386.94 m 
1387.93 m 
1397.80 2350g,a I 

1402.87 HI 
1413.156 4370g,a I 

1414.240 1150g,a I 
1415.401 1870g,a I 

1416.481 l00Og,a I 

1417.222 630g,a I 

1419.479 1040g,a I 
1425.037 800g,a I 

1431.018 380g,a I 

1431.865 315g,a I 

1434.155 500g,a I 

1439.311c m 
1439.72& nl 
1473.40 HI 

1478.10 DI 

1491.45 DI 

1532.604c m 
1534.4880 m 
1539.8303 340 IT 
1555.943 1 II 

1563.580 1 n 
1573.003 3 11 

1580.919 1 u 
1584.708 4 n 
1596.00 m 
1596.059 112 II 

1599.410 20 u 
1599.639c m 
1599.697c HI 

1600.642c III 

1605.7661 700 III 
1611.8141 100 nI 

1611.8735 800 m 
1616.415 10 n 
1618.3990 50 n 
1625.6271 125 n 
1644.2348 100 n 
1644.8089 100 n 
1670.7867 400g II 

1681.8089 80 n 
1686.2505 100 n 
1686.67& m 
1688.958c m 
1719.4400 340 II 

1721.2435 255 IT 

1721.2714 365 II 

1724.9519 255 IT 

1724.9838 365 II 

1731.83& m 
1734.243c HI 

1734.253c III 
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Finding List for AI I through Ai m - Continued 

Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum 

1739.7382 50 n 1931.0481 125 n 2085.24 g,a I 2204.660 2g I 

1750.612 60 n 1932.268 l000g,a I 2085.32 g,a I 2209.66 Id In 

1760.1044 210 n 1932.3768 150 n 2086.23 g,a 1 2210.046 2g I 

1761.9751 190 n 1934.5032 225 n 2086.864 30 u 2213.56 2d In 

1762.899 100g I 1934.7129 125 n 2087.06 g,a I 2243.045 300 II 

1763.8692 255 n 1935.8404 300 m 2087.36 g,a I 2257.999 2g I 

1763.9521 315 n 1935.9489 200 m 2088.66 g,a 1 2263.462 4g I 

1765.636 200g I 1936.457 1200g,a 1 2089.15 g,a 1 2263.731 2g I 

1765.8150 190 n 1936.9066 125 u 2089.163c m 2266.014 3 I 

1766.385 200g I 1939.2606 150 n 2090.16 g,a I 2267.53 4 I 

1767.7308 225 u 1958.247 8 u 2091.70 g,a I 2269.096 4g I 

1769.140 200g I 1958.77 1 n 2091.92 g,a I 2269.220 2g I 

1772.802 10 n 1959.00 0 n 2092.667c m 2285.126 50 n 

1774.002 25 II 1960.322 3 n 2093.3 1 I 2285.470 10 n 

1774.770 10 n 1960.646 3 n 2094.08 g,a I 2285.69 5 n 

1776.19 10 II 1960.846 10 n 2094.264 700 n 2299.47 3d In 

1776.975 100 n 1962.5904 70 n 2094.744 150 n 2311.035 4 I 

1777.825 3 n 1962.645 8 n 2094.790 300 n 2312.225 1 n 

1807.4168 70 n 1962.6910 60 n 2094.84 g,a I 2312.491 5 I 

1807.5851 20 n 1962.7349 70 n 2095.100 100 n 2313.526 6 I 

1807.651 1 n 1962.763 50 n 2095.140 200 n 2313.768 100 n 

1818.352 50 n 1964.990 40 n 2096.62 g,a I 2314.983 4 I 

1818.392 3 n 1965.316 10 n 2098.75 g,a I 2317.482 7 I 

1819.285 1 n 1983.650 10 n 2099.10 g,a I 2319.057 5 I 

1820.124 2 n 1988.699 3 n 2099.709 80 II 2321.562 9 I 

1828.5876 290 II 1990.5310 315 n 2099.79 g,a I 2324.199 350 II 

1832.8374 225 n 1991.05 1 D 2102.58 g,a I 2325.436 10 n 
1834.8077 170 n 2102.85 g,a I 2325.494 300 II 

1836.9635 60 II Air 2103.66 g,a 1 2326.445 10 II 

1839.39 2 n 2103.71 g,a I 2326.496 300 II 

1848.888 1 n 2013.959c m 2107.55 g,a I 2328.20 3 II 

1849.15 2 n 2013.984c m 2108.62 g,a I 2344.69 7 II 

1854.7164 l000g m 2015.864 70 n 2109.99 g,a I 2345.47 3 n 
1855.8054 90 n 2016.053 150 n 2113.61 gta I 2345.92 3 II 

1855.9286 190 n 2016.193 80 n 2114.968 g,a I 2347.516 30 II 

1856.0957 90 n 2016.234 150 n. 2116.56 O,a I 236Fi.460 10 II 

1856.2741 30 n 2016.334 50 n 2118.312 g,a I 2367.052 8g I 

1858.0262 315 n 2016.369 100 n 2121.59 g,a I 2367.61 I 8 I 

1859.9796 no n 2022.081 40 n 2123.362 Ig I 2368.112 8 I 

1862.081 5 n 20::11),75 1 n 2127.30 O,a r 2::16~)'::I04 10 I 

1862.3111 400 II 2039.22 1 n 2129.663 19 I 2370.225 9 I 

1862.7895 600g m 2039.40 5 n 2132.39 g,a I 2370.726 6 I 

1877.04 5 n 2044.27 2 u 2134.733 2g I 2372.070 3g I 
lR7R.504 R II 2044.41 1 n ?142.39 g,a I 2373.124 8g t 

1897.401 10 u 2047.63 5 IT 2145.555 3g I 2373.349 2g I 

1897.460 3 D 2047.79 5 II 2147.54 g,a I 2373.571 8 I 
1897.500 1 n 2047.87 1 II 2150.699 5g I 2374.496 4 I 
lR9!U94!l 25 n 2073.A::I3t: III 2154.635 1 m 2378.368 3g I 

1904.326 8 u 2073.684c m 2160.383 3 I 2389.036 5 II 

1906.4082 26 n 2074.009 200 u 2164.55 g I . 2390.692 25 II 

1906.596 4 n 2079.62 g,a I 2164.915 2 I 2391.276 15 II 
1906.674 8 n 2079.87 g,a I 2167.35& In 2992.078 50 1I 

1910.8262 80 n 2080.15 g,a I 2167.3800 m 2392.234 10 n 
1911.013 15 u 2080.46 g,a I 2168.805 Ig I 2393.760 100 II 

1911.817c m 2080.79 g,a I 2169.81 g J 239B.98 5d m 
1913.16& m 2081.15 g,a I 2174.028 Ig I 2422.44 1 m 
1922.16 1 n 2081.40 g,a I 2177.396 4 I 2423.05 5 I 

1924.7537 50 n 2081.481 15 n 2180.996 5 I 2424.77 5 I 

1924.825 30 n 2081.57 g,a I 2192.604 500 n 2425.05 1 I 
1924.879 10 n 2082.01 g,a I 2194.189 20 n 2425.596 5 II 

1926.0291 60 n 2082.50 g,a I 2194.245 70 II 2427.742 50 II 

1926.948 20 n 2082.53 g,a I 2195.456 300 n 2452.584 30 rr 
1927.070 10 II 2083.10 g,a I 2195.502 300 n 2453.423 100 11 
1927.13 1 n 2083.75 g,a I 2199.150 19 I 2455.177 200 II 

1929.9775 150 n 2084.48 g,a I 2204.590 2g I 2457.187 100 11 

J. Phys. Chem. Ref. Data, Vol. 20, No.5, 1991 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 849 

Finding List for AI I through AI m - Continued 

Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength (A) Int. Spectrum 

2458.037 300 u 2688.743 500 u 3089.82 1 I 3660.535c m 
2458.88 3 u 2705.770 50 n 3092.7099 26g I 3702.106 10 m 
2459.809 500 u 2706.435 300 u 3092.8386 20g I 3703.219 30 II 

2459.83 5 I 2707.452 500 u 3135.848 75 u 3713.123 11 m 
2465.74 4 I 2709.593 1000 u 3180.111 3d m 3731.952 10 II 

2466.28 3 u 2719.884 350 u 3183.824 4d III 3733.908 20 II 

2473.008 25 u 2723.098 500 u 3191.529 2 u 3734.567 3 u 
2475.252 1500 u 2740.980 4 I 3203.39 4 I 3734.715 2 II 

2476.322 300 n 2748.065 3 I 3241.59 3 I 3738.015 50 u 
2485.35 5 n 2748.925 150 n 3251.60 2 I 3753.10 2 u 
2497.886 10 n 2760.844 500 n 3275.767 80 u 3771.205c n 
2504.25 5 u 2762.464 500 u 3282.20 3 I 3771.938c II 

2513.145 20 n 2762.815 9d m 3283.316 2d m 3772.237c n 
2513.305 5 I 2775.19 1 I 3287.302 3d m 3842.037 6 II 

2G19.222 4 I 2777.03 2 I 3313.344 .80 n 3842.213 4 II 

2519.514 1 I 2801.178 500 n 3313.470 2 u 3842.317 2 II 

2520.579 45 u 2805.518 150 u 3314.756 2 u 3859.33 6 n 
2524.401c m 2816.185 4000 n 3314.883 40 n 3866.160 8 II 
2524.477u III 2820.046 121i n 3314.981 1 n 3870.057 2 II 

2525.244c m 2831.706c III 3315.516 2 n 3900.675 100 II 

2526.486 1000 n 2834.668c UI 3315.608 10 II 3931.996 5 I 

2532.092 50 u 2837.856 2 I 3348.517 9 m 3935.677 4 I 
2li32.029 300 u 2837.903 7 I 3350.885 8 III 3938.021 2d u 

2533.117 5 u 2840.099 7 . I 3351.462 50 u 3939.066 Id u 
2533.170 45 n 2840.205 2 I 3428.894 30 u 3944.0058 24g I 

2540.179 150 n 2868.494 1000 n 3439.347 6g I 3946.406 2d u 
2540.706 100 u 2868.92 1 I 3443.640 9g I 3961.5200 26g I 

2545.606 450 u 2871.57 2 I 3444.865 6g I 3979.988c II 

2549.314 150 u 2876.819c m 3452.657 2g I 3980.14 5d m 
2550.217 450 u 2877.815c m 3458.216 6g I 3980.871c n 
2552.109 500 u 2881.450 500 n 3463.63 5 u 3981.256c u 
2556.007 50 u 2884.106 10 n 3469.80 1 I 3988.248c II 

2556.793 300 u 2894.228 3 I 3479.806 5 I 3989.589c II 

2557.707 500 u 2902.08 II 3482.628 5 I 3990.421c II 

2559.627 1000 n 2902.08 n 3516.05 2 II 3995.838 40 n 
2565.694 150 n 2902.258 2 I 3524.869c m 3996.075 10 u 
2567.984 109 I 2903.19 n 3524.95Oc m 3996.143 30 n 
2575.094 109 I 2907.05 10 m 3534.856 5 n 3996.182 5 II 

2575.393 au I 2913.267 3 I 3552.00 3 n 3996.323 5 n 
2586.829 150 n 2915.66 2 I 3586.557 200 II 3996.370 20 II 

2596.992 300 n 2927.930 5 I 3586.708 15 n 3998.164 2 III 
2622.926 15 n 2936.04 3 I 3586.811 2 n 4001.376 1 III 
2627.597 350 n 2961.06 2 III 3586.912 50 n 4005.7 2 II 

2631.546 100 u 2994.277 50 II 3586.936 25 n 4009.58 2 II 
2633.95 2 I 2995.525 400 II 3587.068 100 n 4026.5 20 II 

2635.020 250 u 2996.29 3 I 3587.165 5 u 4031.135 2 II 
2636.03 2 I 2998.150 500 n 3bS·{.19b 10 II 40:n.210 1 u 
2636.32 1 I 3001.790 30 II 3587.309 30 II 4031.633 Id II 

2636.724 500 II 3005.02 1 I 3587.342 50 n 4039.302 2 II 

2637.689 3000 II 3022.789 15 u 3587.450 70 u 4039.397 1 II 
2638.178 1000 u 3024.0'l7 200 u 3097.00 4 u 4056.8 2 n 
2638.255 2500 u 3026.761 500 u 3601.628 14 III 4082.450 5 III 
2638.627 500 u 3041.276 750 u 3601.926 11 III 4088.611 6 III 
2638.690 2000 II 3050.073 13 I 3612.356 13 III 4142.37 5d III 
2640.408 450 u 3054.679 5 I 3649.184 10 u 4149.915 12 III 
2647.49 6 I 3057.144 14 I 3649.232 5 II 4150.173 12 m 
2648.61 4 I 3059.029 4 I 3651.065 40 II 4150.91 bl III 

2650.073 500 II 3059.924 4 I 3651.096 30 II 4153.897c m 
2652.484 109 I 3064.290 7 I 3652.052c III 4153.93Oc m 
2657.406 3 I 3065.12 1 I 3652.094c III 4159.407 1 II 

2659.33 3 I 3066.145 5 I 3654.981 35 II 4159.450 2 n 
2660.393 109 I 3074.691 750 II 3654.998 50 II 4159.728 3 II 
2669.157 2500g II 3082.1529 24g I 3656.319 2 II 4159.809 2 II 

2671.811 45 II 3087.02 5 I 3658.3 Id III 4160.239 5 II 

2683.274 500 II 3088.516 800 II 3660.51Oc m 4160.263 6 II 
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Finding List for AI I through AI m - Continued 

Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum 

4168.424 3 II 4902.77 10 II 6226.18 50 II 6381.68 I 

4168.511 3 II 4904.10 5d III 6231.745 75 II 6387.24 r 
4189.73 bl III 4918.98 6 II 6243.36 100 II 6387.79 t 

4226.813 60 II 4962.10 6 II 6301.86 2d III 6394.18 t 
4226.918 2 II 5000.97 6 II 6324.67 I 6394.76 I 

4227.420 10 II 5085.02 8 II 6325.23 I 6402.16 I 

4227.492 50 II 5093.65 5 II 6325.77 I 6402.71 I 

4227.545 5 II 5100.34 3 II 6325.82 I 6411.25 I 

4227.875 2 n 5107.520 6 I 6326.35 I 6411.83 I 

4227.945 6 II 6107.943 4 I 6326.41 I 6421.84 I 

4227.999 50 II 5144.413 500 II 6326.98 J 6422.40 I 

4240.708 10 II 5144.884 500 II 6327.07 I 6434.16 I 

4255.12 2 I 5145.008 300 II 6327.64 I 6434.70 I 

4282.97 2 II 5145.654 500 II 6327.75 I 6448.62 r 
4307.203 5 II 5151.01 5d HI 6328.29 I 6449.16 I 

4332.0 2 II 5158.177 200 II 6328.47 I 6465.86 I 
4346.866 2 n 5158.309 300 II 6329.02 I 6486.51 r 
4346.918 3 II 5163.89 5d HI 6329.25 J 6487.08 I 

4347.236 300 II 5170.60 Id III 6329.80 I 6495.45 II 

4347.318 200 n 5260.11 3d III 6330.06 l 6511.66 r 
4347.785 300 II 5276.42 4 II 6330.61 I 6512.27 I 

4347.812 200 II 5276.81 4 II 6330.95 I 6542.67 I 

4356.725 200 II 5277.68 4 II . 6331.47 I 6543.12 2d III 

4356.811 150 II 5278.62 6 II 6331.88 I 6543.24 I 

4357.562 4d III 5280.214 8 n 6332.41 I 6556.18 2d III 

4364.642 5d III 5283.735 100 n 6332.88 I 6581.55 I 

4432.82 5 n 5285.842 30 II 6333.40 ( 6582.11 I 

4447.803 200 n 5310.76 4 n 6333.97 t 6609.64 n 
4479.892 12 HI 5312.32 10 n 6334.49 1 6631.:W I 

4479.968 12 III 5316.075 15 II 6335.09 I 6631.14 I 

4489.870 10 n 5324.61 8 n 6335.65 I 6696.015 13 I 

4512.564 13 III 5371.84 12 l( 6335.701 30 l( 6696.12 I 

4528.942 11 III 5388.48 2 l( 6336.34 I 6696.39 2 II 
4529.194 14 HI 5502.88 6 u 6336.89 I 6696.76 I 

4585.817 500 l( 5557.063 10 I 6337.67 I 6698.673 11 I 

4588.082 5 II 5557.948 8 I 6338.22 I 6699.46 1 II 

4588.191 400 n 5593.302 800 n 6339.11 I 6777.0& II 

4589.674 200 n 5613.291 100 n 6339.63 I 6777.1Oc II 

4589.742 300 n 5696.603 17 m 6340.66 I 6177.l2c n 
4609.7 7 II 5722.728 16 nr 6341.19 I 6785.2 1 I 
4610.6500 n 6863.62 100 n 6342.35 I 6816.69 10 11 

4611.0Oc n 5861.53 80 n 6342.93 I 6823.48 50 n 
4629.7 7 n 5867.81 50 n 6344.17 I 6837.14 80 II 
4631.5 5 n 5971.980 80 II 6344.73 I 6906.4 3 I 
4633.2 5 n 5999.70 3 u 6346.15 I 6917.93 10 n 
4635.763 30 n 5999.83 2 n 6346.68 I 6919.96 1 n 
4639.326 100 n 6001.18 2 n 6348.30 I 7042.06 100 II 
4639.384 200 II 6001.76 60 n 6348.81 I 7056.60 50 II 
4639.725 300 n 6001.88 40 n 6350.67 I 7063.64 10 II 
4639.833 200 n 6006.410 200 u 6351.21 I 7083.968 5 I 
4640.362 400 n 6055.21 5 m 6353.26 I 7084.644 6 I 
4640.384 300 n 6059.84 4 III 6353.82 I 1132.89c Il 
4647;321 10 n 8061.121 30 u 6366.12 I 7135.6& u 
4648.611 400 n 6066.32 15 n 6356.66 I 7138.81 2 II 

4650.550 150 u 6066.44 10 n 6359.26 I 7361.568 8 I 
4650.654 200 n 6068.43 40 n 6359.81 I 7362.297 9 I 
4653.0 2 n 6068.53 25 n 6362.74 I 7449.42 50 u 
4655.05 2 n 6073.198 50 u 6363.29 I 7471.41 90 II 
4663.056 1000 n 6181.57 50 n 6366.60 I 7526.2 2 II 
4666.800 400 n 6181.68 60 n 6367.14 I 7554.162 1 I 
4701.148 5 m 6182.262 500 u 6370.91 I 7563.214 3 I 
4701.412 6 m 6182.447 300 n 6371.47 I 7606.159 5 I 
4898.52 10 n 6183.42 1000d II 6375.71 1 7614.820 7 I 
4898.76 5 n 6201.463 300 n 6376.26 I 7615.339 1 I 
4R99.M 6 11 6201.655 200 If 6981.14 I 7624.48 6 n 

J. Phys. Chern. Ref. Data, Vol. 20, No.5, 1991 



WAVELENGTHS AND ENERGY LEVELS OF ALUMINUM 85 

Finding List for AI I through AI m - Continued 

Wavenumber Wavenumber 
Wayelength CA) Int. Spectrum Wavelength CA) Int. Speetrum Cern-I) Int. Spectrum Cern-I) Int. Spectru 

7627.85 10 II 9331.979 20 II 6260.67 3 I 5616.043 44'/ II 

7635.33 20 II 9571.52 8 HI 6153.709 2 II 5615.953 105 II 

7635.37 7d m 9605.99 9 m 6153.517 2 II 5615.812 2188 II 

7660.259 6 III 6153.411 3 II 5615.651 1072 II 

7681.971 7 m Wavenumber Int. Spectrum 6153.332 3 II 5610.522 562 II 

7709.78 1 II (em-I) 6153.286 3 II 5610.307 832 II 

7812.31 5 II 6153.119 9 II 5610.006 1000 II 

7815.83 10 II 9921.57 60 II 6153.036 5 II 5461.411 126 II 

7823.72 20 II 9920.55 10 II 6152.981 2 II 5401.16 2 II 

7835.309 11 I 9920.35 5 D 6148.259 19 D 5328.975 18 II 

7836.134 12 I 9891.23 40 D 6147.848 4 II 5185.267 1 I 

7881.790 9 m 9890.43 5 II 6147.814 5 D 5179.362 3 I 

7882.516 6 III 9890.08 2 II 6147.774 7 II 4901.690 4 I 

7905.513 8 m 9876.28 5 II 6147.731 8 II 4897.159 4 I 

7921.66 2d m 9283.919 8 I 6141.385 3 II 4897.128 3 I 

7993.048 5 I 9272.138 9 I 6141.325 4 D 4897.091 3 I 

8003.186 7 I 9268.077 4 I 6141.280 4 II 4739.598 4700 I 

8065.968 6 I 9194.596 10 I 6141.243 5 II 4723.760 12000 I 

8075.353 8 I 9178.761 11 I 6141.204 8 II 4713.876 2 I 

8076.289 2 I 8887.641 16 D 6141.114 17 D 4502.290 347 D 

8086.91 5 II 8883.937 630 I 6141.049 5 D 4408.464 1 I 

8119.72 15 II 8882.566 440d I 6140.989 5 II 4405.610 4 I 

8121.89 2 II 8703.98 2 D 6140.909 5 D 4403.958 3 I 

8122.08 5 II 8047.353 41 n 6140.805 4 II 4403.932 3 I 

8123.52 1 II 7842.425 8 I 6140.678 2 II 4403.905 3 I 

8160.15 30 II 7841.048 13d I 5979.595 11500 I 4403.872 4 I 

8243.59 8d m 7836.521 17 I 5968.366 13200 I 4369.802 5 rr 
8275.11 9d m 7617.906 71000 I 5968.355 11500 I 4342.218 3 II 

8301.62 3d m 7617.868 100000 I 5968.305 10000 I 4342.061 3 II 

8304.02 2d m 7602.074 36300 1 5968.290 8900 I 4341.935 2 II 

8324.56 2d m 7602.029 50000 I 5963.759 2300 I 4238.571 4 iI 
8354.318 100 II 7231.893 3 1 5909.536 15 II 4238.448 66 II 

8359.23 5 II 7120.021 36 II 5909.01 8 II 4238.389 145 II 

8359.492 50 II 7119.710 36 II 5739.366 9 D 4238.325 195 II 

8363.251 5 II 7119.514 14 II 5739.045 3 n 4238.261 1820 II 

8363.469 50 II 7114.378 35 II 5738.940 85 n 4238.114 23 II 

8640.705 100 n 7114.185 110 II 5738.856 6 II 4237.956 302 II 

8671.06 5 II 7114.066 15 II 5738.794 17 n 4237.933 170 n 
8671.28 10 II 7113.966 16 n 5738.731 3 n 4237.817 107 II 

R674.92 20 II 7113.877 62 II 5738.682 6 II 4237.723 95 II 

8675.28 10 II 7101.582 6 II 5738.582 2 II 4237.723 95 II 

8680.26 30 II 7101.386 30 II 5716.221 8 II 4237.663 19 n 
8680.36 25 II 7101.268 56 II 5716.082 6 II 4237.540 18 II 

8693.98 4d m 7101.192 182 II 5715.976 7 II 4237.440 31 D 

8772.866 13 I 7101.105 85 II 5715.797 6 II 4237.238,. 11 II 

8773.896 14 I 6909.618 35 II 5715.744 5 II 4237.135 2 II 

8828.909 8 I 6512.586 18 II 5698.600 5 II 4225.610 12 D 

8841.277 10 I 6512.294 15 II 5698.551 2 II 4225.530 15 II 

8858.39 10 II 6512.085 11 II 5698.484 4 II 4225.485 66 II 

8858.77 5 II 6506.941 23 II 5698.406 4 II 4225.453 48 II 

8912.900 7 I 6506.780 52 II 5698.280 4 II 4225.405 11 II 

8923.555 9 I 6506.648 2 II 5698.242 4 II 4225.148 20 II 

8925.504 4 I 6506.564 10 II 5698.195 3 II 4224.994 1023 D 

9089.906 5 I 6506.491 22 II 5698.120 2 II 4224.901 407 II 

9126.l4c II 6506.440 21 II 5648.478 65 I 4224.759 324 II 

9139.950 6 I 6494.145 4 II 5645.612 30 I 4224.659 126 II 

9163.261 2 I 6494.003 22 II 5628.964 631 n 4224.501 91 II 

9249.41 10 II 6493.954 10 II 5628.890 1778 u 4224.441 145 II 

9286.578 10 II 6493.820 85 II 5628.862 1072 II 4224.378 31 n 
9286.794 20 II 6493.743 24 II 5628.776 3715 II 4224.317 15 11 

9288.145 30 II 6493.711 40 II 5628.646 437 II 4219.349 120 II 

9288.550 20 n 6493.644 14 11 5628.590 1000 II 4218.957 309 II 

9290.649 50 II 6265.279 3 I 5628.448 178 II 4218.856 263 II 

9290.747 40 II 6260.76 3 I 5616.167 1072 II 4218.796 191 II 

9331.546 30 D 6260.72 3 I 5616.110 1148 n 4001.160 9 I 



Finding list for All through AI m - Continued 

Wavenumber Wavenumber Wavenumber Wavenumber 
(em-I) Int. Spectrum (em-I) Int. Spectrum (em-I) Int. Speetrum (ern-I) Int. Spectrum 

3996.265 16 I 2806.469 13 D 2199.276 21 n 1937.126 21 n 

3902.323 25d J 2806.421 26 n 2199.233 62 D 1937.066 25 n 

3894.426 1 I 2800.447 23 n 2199.156 25 II 1936.961 27 II 

3800.072 1 I 2800.353 33 D 2193.359 16 II 1936.775 17 n 

3881.238 1 n 2800.138 25 n 2193.019 19 D 1936.608 76 D 

3799.513 2 II 2800.062 40 n 2192.962 18 D 1936.591 76 D 

3799.463 1 n 2799.946 27 D 2192.823 13 n 1936.469 81 n 
3799.403 1 II 2797.061 15 D 2192.725 23 n 1936.215 25 II 

3799.206 5 II 2796.850 19 n 2192.678 23 II 1934.98c D 

3799.063 2 n 2796.559 22 n 2192.655 20 D 1934.695 18 II 

3793.142 2 II 2776.887 2 r 2192.501 16 n 1934.592 28 II 

3793.077 2 n 2775.287 6 I 2161.34 130d I 1934.457 45 II 

3793.009 7 n 2685.95 lOll I 2140.736 26 n 1934.223 28 II 

3792.848 3 n 2683.51 lOll t 2140.713 25 II 1934.177 66 IT 

3484.329 5 u 2588.472 10000 1 1961.756 1250 I 1934.110 22 II 

3477.788 13 n 2582.565 4000 I 1959.932 1600 I 1934.067 54 II 

3296.619 16 D 2556.354 4000 I 1959.905 1400 I 1872.437 500 I 

3253.231 58 D 2389.986 3200 I 1959.883 1250 I 1866.530 1000 r 

3169.285 13 n 2389.961 3200 [ 1955.851 250 I 918.38Se I 

2960.94 10 I 2385.473 2000 I 1939.857 117 D 914.333 2 I 

2956.90 10d I 2385.446 2500 I 1939.812 43 D 838.565 3 I 

2806.781 17 D 2385.418 3200 I 1939.787 162 II 831.374 1 I 

2806.715 41 D 2385.383 4000 I 1939.747 29 II 830.957 2 I 

2806.679 23 II 2202.15 l00d I 1939.666 23 II 815.375 4 I 

2806.601 66 D 2199.351 20 D 1937.157 17 II 810.704 6 I 

2806.573 35 n 2199.321 30 n 
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4. Finding List for AI IV through AI XIII 

Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum 

Vacuum \28.057191 xm. 5Z,44() 15 Xl OO.()32 205 x 
(28.66052] xm 52.966 109 IX 60.645 10 IX 

[5.435190] 6g xm (28.67133] XIII 53.098 109 IX 60.700 10 x 
[5.435215] 3g xm (28.74018] xm 53.237 60g IX 60.896 185 x 
[5.448078] 7g xm 

29.416 2g XI 53.267 60g IX 60.896 300g IX 
[5.448113] 3g xm 

29.793 au XI 53.376 109 IX 61.069 600g IX 
[5.466200J 12g xm 

30.376 4g XI 53.412 109 IX 61.647 10 IX 
(5.466249] 12g xm 

31.313 5g XI 53.424 10 IX 61.694 150 VIII 
[5.492852] 15g xm 31.426 1 XI 53.488 1 IX 62.016 100 VIII 
(5.492926] 15g xm 

31.483 2 XI 53.554 10 IX 62.070 50 IX 
[5.534429] 20g xm 

32.068 2 XI 53.785 10 VIII 62.292 12g VII 
[5.534549) 20g xm 32.128 3 XI 53.800 10 VIII 62.296 200 IX 
[5.604794} 30g xm 

33.007 9g XI 53.823 10 VIII 62.327 250 IX 
[5.605005] 30g xm [33.023] XII 54.115 220 X 62.369 150 IX 
[5.739127} oOg xm [33.037] XII 54.217 5 XI 62.474 8g VII 
[5.739560] 60g xm [33.090] XII 54.217 200g VIII 62.474 100 IX 
[6.0000] 109 XII 33.109 3 XI 54.258 200g VIII 62.587 100 IX 
[6.0134] 15g XII 33.172 5 XI 54.388 6 XI 62.916 150 IX 
(6.0322] 20g xu (33.950] xu 55.227 150 x 63.005 65 VII 
[6.052529] 200g xm 

34.994 9 XI 55.272 500 X 63.025 500 IX 
(6.053670] 200g xm 35.065 10 XI 55.376 750 x 63.056 65 VII 
t().05981 2.5g xu 

35.163 2 XI 55.022 1 'IX 0'3.1'34 200 x 
[0.1028J 35g xu 

35.239 2 XI 55.667 10 IX 63.203 10 VIII 
[6.1755] 50g xn 36.675 12g XI 55.731 50 X 63.509 500 IX 
[6.1773] 2g xn 

38.255 100 X 56.151 50g IX 63.632 300 IX 
[6.3139] 100g xn [38.65048] xm 56.304 70g IX 63.714 100 VIII 
[6.3176] 5g XII 

[38.65652] xm 56.590 75 X 63.933 109 VIII 
[6.6348] 400g xu [38.70312] xm 56.650 10 X 63.965 150g VIII 
[6.6447] 20g xu 

[38.79261] xm 56.696 75 x 64.004 200g VIII 
6.7435 3g XI 

39.091 10 XI 56.762 10 X 64.086 109 VIII 6.7775 9 XI 
39.180 12 XI 56.802 200 X 64.269 10 X 

6.7921 13g XI 
39.530 6 Xl 56.899 100g IX 64.325 8 VII 

6.8045 27 XI 39.623 7 XI 56.945 250g IX 64.358 25 VII 
6.8215 5bl XI 40.421 25 X 56.945 250 X 64.481 1 VII 
6.8277 3bl XI 

41.543 20g IX 56.964 150 x 64.516 1 VII 
6.8463 3 XI 

41.730 100 X 57.024 250 x 64.625 50 IX 
[7.170906] 1000g xm [42.588] XII 57.072 10 X 64.698 12 VII [7.176317] 500g xm [42.615] XII 57.116 75 X 64.815 8g VII 
[7.1929J 13 xn [42.622] xu 57.368 350 X 64.816 9 VII 
[7.2319] 6 xu 

43.549 109 IX 57.553 10 VIII 64.885 150 IX 
[7.2509] 4 XII 

[44.265] XII 57.624 10 VIII 64.904 100 IX 
[7.2545] 3 xu (44.288] XII 57.663 10 X 65.020 12 VII 
\1.25001 '3 xu 

[44.319] XII 58.060 109 IX 65.032 175 X 
[7.2581] 2 XII 

[44.378] xn 58.112 50g IX 65.128 10 VIII [7.2638] 2 XII 44.704 60g IX 58.222 100g IX 65.298 10 VIII [7.2611] 2 xu 
44.743 80g IX 58.276 Ig IX 65.381 50g VIII [7.2608] 2 XII 
44.902 10 X 58.750 Ig VII 65.494 50g VIII 

[7.2629] 2 XII 
[45.929] XII 58.808 1 X 65.821 50 X 

[7.2605] 2 xn 
47.755 109 IX 58.858 100 X 65.862 18 VII 

[7.2759] 17 XII 47_856 fiOo IX 58.987 150 X 65.883 50 VII [7.7573] 1000g xn 
48.297 15g XI 59.107 300 X 66.038 50 IX 

7.774 10 XI 
48.338 15g XI 59.298 10 X 66.092 50 IX 

7.7963 Xl 
49.854 100 IX 59.'381 10 1X 00.142 12~ 1X 

[7.8038] g,M2 xn 49.916 100 IX 59.761 300 IX 66.239 150bl IX 
7.8069 XI 

50.670 50 X 59.827 10 VII 66.275 50 IX 
[7.8070] 50g xn 

50.717 75 X 59.911 10 VII 66.321 60 VIII 
7.8471 g XI 

50.762 350 X 60.052 50 X 66.321 60 IX 
7.8571 XI 50_802 50 x 60.162 10 IX 66.363 10 VIII [7.8721] b~Ml xn 

50.903 50 X 60.197 50 IX 66.409 27 VII 
7.8756 XI 

50.946 10 X 60.222 10 IX 66.624 109 IX 
7.929 g XI 

51.039 10 X 60.262 10 IX 66.704 150 VIII 
7.934 90bl X 

51.362 350 X 60.312 50 IX 66.731 200 VIII 
7.951 150bl X 5l.400 1 x 60.347 100 IX 66.771 350 VIII 

[25.59415] XUI 
51.454 1 x 60.504 150 IX 66.836 l00g IX 

[25.59683] xm 
51.979 300g X 60.549 200 IX 67.044 109 VIII 

[25.60123] xm 52.299 12 XI 60_588 300 IX 67.096 loog VIII 
I (25.66174) xn 
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Finding List for AI IV through AI xm - Continued 

Wavelength CA.) Int. Spectrum Wavelength CA.) Int. Spectrum Wavelength CA.) Int. Spectrum Wavelength CA.) Int. Spectrum 

67.121 l00g VIn 75.281 215g VII 79.455 120 VIII 88.325 l00g VI 

67.166 109 VIn 75.313 250g VII 79.557 10 VI 88.369 750g VI 

67.244 150g vm 75.367 227g VII 79.637 64 VII 88.425 l00g v 
67.288 500g vm 75.397 70 vm 79.692 215 VII 88.462 250g VI 

67.360 250g vm 75.488 200 vm 79.928 390 VII 88.539 400g,bl v 
67.408 500g vm 75.544 227g VII 79.960 390 VII 88.539 bl VI 

67.437 50g vm 75.577 150 vm 79.972 300 VII 88.636 l00g v 
67.464 600g VIII [75.5880] xm 80.320 10 VIn 88.687 100 VI 

67.529 109 vm [75.5949] xm 80.483 10 VIII 88.688 200g,bl v 
67.565 150 VIII 75.623 l00g vm 80.58 g IV 88.817 50g v 
67.828 10 IX [75.6333] xm 80.704 100 VIII [88.86] XII 

67.946 500 VIII 75.734 50g vm 80.770 70 VI [88.87] XII 

68.375 750 VIII [75.7533] XIII 81.176 50 VII [88.91] XII 

68.531 100 IX [75.7536] XIII 81.738 50 VI 88.945 Ig v 
68.534 60 VII 75.778 250g vm 81.741 262 VII [88.97) XII 

68.626 64 VII [75.8063] XIII 81.774 205 VII 90.196 1000 VI 

68.637 50 IX 75.808 100 VII 81.794 365 VII 90.547 515 VII 

68.675 30 VII 75.850 195 VII 81.809 380 VII 90.596 185 VII 

68.681 10 IX 75.876 195 VII 82.082 70g VI 90.627 185 VII 

68.783 10 IX 75.894 l00g vm 82.267 50g VI 90.630 250g,bl v 
68.825 50 VIII 75.903 262 VII 82.338 109 VI 90.646 l00g v 
68.825 50 IX 75.926 185 VII 83.335 10 VIII 90.701 200g v 
68.904· 10 IX 75.946 VII 83.465 50 VIII 90.772 195 VII 

68.958 50 IX 75.985 50g vm 83.635 10 VIII 90.856 600 VI 

69.135 215 IX 76.009 205 VII 83.833 512 VII 90.914 200g v 
69.258 50 IX 76.022 157 VII 84.005 475 VII 90.982 50g v 
69.420 50 VIII 76.090 125 VII 84.095 422 VII 91.078 109 v 
69.502 100 VIII 76.226 205 VII 84.38 g IV 91.332 500 VI 

69.611 200 vm 76.262 195 VII 84.48 g IV 91.487 50 VIII 

69.716 100 IX 76.344 157 VII 85.189 109 VI 91.750 50g v 
69.773 150 VIII 76.366 140 VII 85.422 100g VI 92.039 109 v 
69.850 50 IX 76.386 300 VII 85.518 l000g VI 92.626 750g VI 

70.090 100 IX 76.400 215 VII 85.567 200g VI 92.638 200g VI 

70.161 300 VIII 76.402 610g VI 85.623 300g VI 92.875 500g VI 

70.323 200 VIII 76.422 288 VII 85.662 50g v 92.970 250g VI 

70.727 250 VIII 76.440 215 VII 85.725 300g VI 93.275 420 VII 

71.238 135 VIII 76.543 215 VII 85.767 400g VI 93.298 550 VII 

71.274 125 VIII 76.582 225 VII 85.804 350g v 93.517 420 VII 

71.625 70 VIII 76.618 200 VI 85.806 350g VI 93.535 343 VII 

72.223 200 VIII 76.697 200 VI 85.817 350g VI 93.654 20g v 
72.282 1959 VII 76.794 200 VI 85.867 100g VI 93.755 350g v 
72.324 200 vm 76.853 200 VIII 85.922 1 Og, bl v 93.855 200g v 
72.401 150 vm 76.953 50 VI 86.018 150g VI 93.880 70g v 
72.926 l00g VI 77.052 50 VI 86.068 150g VI 93.955 300g v 
73.076 100g VI 77.315 10 IX 86.094 150g VI 93.981 loog v 
73.451 1 IX 77.381 150 IX 86.148 200g VI 94.089 70g v 
73.625 1 IX 77.605 300 VIII 86.427 100 VIII 94.117 120g v 
73.703 150 VIII 77.778 91 VII 86.666 118 VII 94.160 l00g v 
73.733 100 VIII 77.809 104 VII 86.685 166 VII 94.187 1000 v 
73.879 200 VIII 77.906 250 VII 86.884 475g VII 94.321 109 v 
74.016 120 VIII 77.945 500g VI 87.020 100g v 94.394 109 v 
74.099 74 VII 77.945 166 VII 87.058 456g VII 95.433 100 VI 

74.259 109 VI 78.112 lOOo VI 87.165 422g VII 95.56 0 IV 

74.321 50g VII 78.178 50g VI 87.279 50g v 95.68 g IV 

74.346 50g VI 78.329 345 VII 87.331 400g VI 95.835 30g v 
74.444 300g VI 78.343 288 VII 87.540 350g VI 95.975 440 VII 

74.504 50g VI 78.351 1000 VIII 87.587 500g VI 96.150 20g v 
74.592 150g VI 78.365 262 VII 87.625 100g VI 96.207 375 VII 

74.656 250g VI 78.459 70g VI 87.651 650g VI 96.327 227 VII 

74.785 50 IX 78.508 150 VIII 87.776 250g VI 96.440 10 VI 

74.813 50g VI 78.628 109 VI 87.796 250g VI 96.673 50 VI 

74.841 200 VIII 78.712 10 VI 87.863 350g VI 99.200 20g v 
74.892 100g VI 78.79 g IV 87.883 250g VI 99.277 109 v 
74.965 150 VIII 78.836 100 VIII 88.027 515 VII 99.290 l00g v 
75.058 50 VIII 79.022 314 VII 88.163 1000g VI 99.425 40g v 
75.164 100 VI 79.204 300 VII 88.269 750 VI 99.541 30g v 
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Finding List for AI IV through AI XUI - Continued 

Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum Wavelength (A) Int. Spectrum 

99.614 80g V [110.8824) xm [239.600) xm 352.145 75g VB 

99.774 109 V 111.196 100g IV 240.770 200 VII 353.769 140g VB 

100.616 600g VI 111.589 150g IV 243.766 600 VI 356.880 20g VB 

100.638 100g VI 111.781 50g IV 247.401 109 VIR 381.15 g vm 
100.893 200g VI 113.140 50 VI 248.456 55g VIII 381.674 55 VB 

100.922 200g VI 113.140 50 VIII 250.139 100g VIR 383.70 g vm 
101.027 150g VI 113.318 50 VI 251.347 10 VBI 383.785 50g vm 
103.062 10 VI 113.441 150 VI 253.Oc VIII 384.06 IX 

103.8 Xl 113.453 60bl VI 254.7c VIII 384.95 g IX 

103.805 300g V 113.629 50 VI 259.036 262 VII 386.03 95 VB 

103.882 400g V 113.759 50 VI 259.207 345 VII 387.51 125 VB 

103.938 300 VI 114.313 109 IV 259.& VIR 387.73c vm 
103.992 15()g V 114.737 5()g IV 261.044 330 VII 387.82c vm 
104.046 l000g VI 116.464 250g IV 261.219 495 VII 387.970 lOOg VBI 

104.072 250g V 116.921 150g IV 275.343 300 VI 392.00 46 VB 

104.122 200g V 117.377 109 IV 278.694 lOOOg V 392.418 80g IX 

104.181 2500 V 118.497 250a V 278.982 510 VII 394.83 X 

104.344 800g VI 118.983 200g V 279.187 440 VII 395.44 IX 

104.362 200g V [123.61] XlI 280.114 175g IX 395.44 X 

104.447 100g V [123.71] xn 280.745 100 VII 396.05 IX 

104.464 400a VI [123.73] XR 280.994 150 VII 397.85 X 

104.496 150g V 124.030 400g IV [281.16] XII 399.57 vm 
104.89 19,d IV 124.550 300g IV 281.394 900g V 400.46 X 

105.26 2g,d IV 125.529 900g V 282.407 240g IX 401.183 10 X 

105.35 3g IV 126.068 800g V 282.660 315 VII 403.60 X 

105.7 Xl [126.93] XU 284.015 345g IX 406.39 X 

105.72 4g IV [127.10] XlI 285.467 50 VIII 421.46 5 VI. 

106.01 3g IV [127.16] XR 286.5& VIn 432.03 IX 

106.38 5g IV [127.37] XII 285.81 360 VII 432.73 IX 

106.99 g IV 129.730 700g IV 285.959 105 VBI 437.46 IX 

107.37 g IV [129.92] XU 286.364 215g IX 438.18 IX 

107.622 700 VI [129.92] XR 286.61 VIll 456.08 16 V 

107.711 200g V [130.02) XU 287.083 165 VIII 456.73 8 V 

107.948 600g V [130.15] XU 289.07 VIR 457.00 10 V 

108.005 150g V 130.39 g,bl IV 289.21c VIR 463.51 10 V 

108.059 300g V 130.411 800g V 289.645 58 VIR 466.24 8 V 

108.113 300g V [130.82) Xll 299.2c VIII 469.24 20 V 

108.316 100g V 130.847 1000g V 300.560 125g IX 471.34 5 V 

108.388 160g V 131.002 900g V 305.056 165g IX 471.74 6 V 

108.406 160g V 131.438 900g V 306.91 IX 474.75 8 V 

108.445 50g V 131.647 15()g IV 307.249 3500 VI 475.63 8 V 

108.462 200g V 132.407 Ig V 307.33 IX 476.13 6 IV 

108.526 50g IV 132.626 500g V 308.563 300g VI 476.27 20 IV 

108.530 20g V 133.010 200g V 309.023 420 VB 477.60 5 IV 
108.617 50g v 133.233 50g v 309.07? 475 VII 477.73 10 IV 

108.708 200g V 135.219 50 V 309.121 375 VII 478.26 30 IV 

108.849 30g V 135.617 100 V 309.697 400g VI 479.02 lObl V 

108.913 50g IV 141.55 Xl 309.851 300g VI 479.30 5 IV 

108.941 10g,d v 141.71 XI 310.907 3000 VI 479.76 20 IV 

109.021 g IV 150.30 Xl 312.237 300g VI 480.11 vm 
109.024 100g V 150.62 Xl 316.793 90 IX 481.01 30 IV 

109.284 350 VI 154.60 Xl 318.537 120 IX 481.29 10 IV 

109.516 1000g VI 154.69 Xl 321.027 160 IX 482.08 100 IV 

109.630 2g V 160.074 800g IV 323.52 g VIll 482.48 10 IV 

109.675 5g V 161.688 700g IV 325.31 g VIII 483.03 vm 
109.730 Ig V 177.80 X 328.200 109 VIll 483.55 20 IV 

109.844 600g VI 179.003 6 V 328.696 100 VI 485.28 40 IV 

109.976 200g VI 189.977 2 V 329.551 40 VIR 488.36 100 IV 

110.045 5g V 190.569 10 V 331.03 VIll 490.44 vm 
110.13 Ig IV 221.535 60g VI 332.78 20g X 490.73 20 IV 

(110:4550] xm [238.704] xm 334.51 VIR 490.88 40 IV 

[110.4695] xm 239.030 100 VB 340.23 VIII 492.31 20 IV 

110.54 2g IV [239.327] XUI 341.37c x 492.78 25 IV 

[110.6302] xm [239.328] xm 343.290 125 VII 493.18 vm 
[110.7822) xm [239.513] XlII 343.641 160 VII 496.66 10 IV 

[110.7827) xm [239.514J XlII 345.66c X 497.47 15 IV 
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Finding List for AI IV through AI XIII - Continued 

Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectrum Wavelength CA) Int. Spectnu 

1069.437 600 IV 1173.47 200 v 1329.15 200 VI 1558.92 150 v 
1071.241 100 IV 1174.967c m IV 1330.06 400 v 1559.03 500 IV 

1073.02 200 v 1179.666 20 IV 1331.19 500 VI 1564.164 700 IV 

1075.28 10 v 1179.86 20 v 1337.898 400 IV 1569.25 50 v 
1076.38c m VI 1183.62 120 v 1340.52 10 v 1572.54 100 IV 

1076.73 30 v 1186.18 100 v 1350.518 400 v 1577.90 300 v 
1077.35 40 v 1188.67 15 v 1352.87c m v 1579.38 10 v 
1077.66 2 VI 1189.711 50 IV 1353.745 150 IV 1582.040 900 IV 

1078.17 40bl VI 1191.20 8 v 1353.745 bl v 1584.460 800 IV 

1079.41 30 v 1191.907 200 IV 1358.79 500 VI 1589.275 400 IV 

1085.331 5 IV 1192.212 150 IV 1359.64 150 v 1589.87 350 v 
1085.92 70 v 1193.76 50 v 1359.96 loobl VI 1592.62 40 v 
1087.65 10 VI 1194.10 10 v 1360.298 100 IV 1593.54 20 v 
1088.62 100 v 1195.97 200 v 1363.351 400 v 1595.46 20 v 
1088.67 500 v 1198.500 400 IV 1369.20 600 v 1596.95 60 v 
1090.14 300 v 1200.56 20 v 1373.70 300 v 1602.03 20d v 
1093.22 8 v 1202.00 10 v 1375.79 100 v 1602.77 300 IV 

1094.76 10 v 1204.722 1 IV 1976.618 500 IV 1009.9& Ml VB 

1098.718 200 IV 1208.401 10 IV 1388.789 500 IV 1604.80 Ml VU 

1099.461 300 IV 1211.724 40 IV 1392.33 40 IV 1606.646 400 IV 

1100.60 10 v 1213.48 50 v 1393.42 60 IV 1607.31 1 IV 

1101.34 20 IV 1216.723 300 IV 1402.021 100 v 1617.81 400 IV 

1102.417 200 IV 1219.171 300 IV 1402.776c m IV 1617.93 200 IV 

1103.85 v 1220.546 400 IV 1404.751 300 IV 1621.36 10 v 
1104.285 70 IV 1225.236 10 IV 1409.490 100 IV 1621.68 350 IV 

1104.617 20 IV 1228.310 300 IV 1409.98 2 VI 1627.536 600 IV 

1105.402 50 IV 1229.908 40 IV 1412.772 100 v 1628.58 50 IV 

1105.738 400 IV 1237.187 900 IV 1416.05 20 VI 1636.822 500 IV 

1106.20 20 v 1237.744 10 IV 1417.558 100 IV 1639.055 800 IV 

1106.41 70 v 1240.206 600 IV 1422.176 200 IV 1641.05 300 IV 

1107.55 20 v 1240.861 700 IV 1422.58 200 VI 1641.20 200 IV 

1111.48 100 v 1248.790 700 IV 1424.995 250 IV 1641.55 50 IV 

1112.51 20 v 1251.235 150 IV 1425.64 80 v 1644.47 200 IV 

1115.04 10 v 1253.11 3 v 1430.52 10 VI 1647.79 1 IV 

1117.93 50 v 1253.76 2 v 1431.935 600 IV 1672.722 20 IV 

1118.824 600 IV 1256.083 40 IV 1431.96c m v 1712.43 200 IV 

1119.39 30 v 1257.624 900 IV 1432.51 10 VI 1716.28 5 IV 

1119.94 10 v 1262.544 300 IV 1432.97 10 IV 1754.120 20 IV 

1121.79 20 v 1264.181 800 IV 1441.825 700 IV 1755.431 100 IV 

1122.66 50 v 1264.67 10 v 1442.17 400 VI 1762.424 200 IV 

1122.88 200 v 1269.209 20 IV 1445.87 400 v 1818.563 1000 IV 

1126.613 600 IV 1272.763 1000 IV 1447.512 800 IV 1881.169 700 IV 

1126.001 5 IV 1275.731 5 IV 1454.65 30 v 1894.48 50 IV 

1128.62 2 v 1278.265 50 IV 1455.265 300 v 1939.022 300 IV 

1129.43 80 v 1280.01 8 v 1457.956 600 IV 

1129.02 00 v 1283.484 40 IV 1400.108 200 IV Air 
1130.00 2 v 1287.70 500 v 1465.392 10 v 
1131.84 10 v 1288.23 100 v 1466.24 15 IV 2016.19 30 IV 

1136.821 400 IV 1290.486 20 IV 1470.024 30 IV 2128.45 40 IV 
1139.25 1 v 1291.91 30 v 1471.303 40 IV 2130.837 200 IV 

1141.39 1 v 1292.44 200 v 1475.64 600 v 2130.92 200bl IV 

1142.058 200 IV 1293.51 30 v 1486.05 300 v 2146.25 15 IV 

1149.450 200 IV 1301.13 10 v 1486.887 700 IV 2152.29 30 IV 

1150.87Oc m IV 1304.547 30 IV 1494.791 800 IV 2158.32 100 IV 

1150.30 300 v 1305.21 1 IV 1507.442 300 IV 2161.12 5 IV 

1150.67 10 v 1306.432 200 IV 1508.37 700 v 2162.24 15 IV 

1152.89 30 v 1307.762 60 IV 1511.88 100 IV 2176.84 5 IV 

1154.730 250 IV 1308.16 5 v 1513.20 10 IV 2184.05 10 IV 

1154.90 10 v 1312.135 20 IV 1519.07 400 IV 2209.14 15 IV 

1156.263 150 IV 1312.43 10 v 1526.14 1000 v 2211.21 3 IV 

1160.32 1 IV 1319.57 1 IV 1532.16 300 IV 2212.21 2 IV 

1161.885 300 IV 1320.57 400 VI 1537.540 800 IV 2221.c Ml VIII 

1165.42 350 v 1321.59 900 VI 1539.124 500 v 2229.13 30 IV 

1167.39 150 IV 1324.92 300 VI 1550.192 500 IV 2240.47 50bl IV 

1168.48 250 v [1327.65] XII 1556.88 1 IV 2240.563 300 IV 

1171.59 5 IV 1327.68 800 VI 1557.254 1000 IV 2257.187 100 IV 



Findin~ List for AllV through Al xm - Continued 

Wavelength (A) Int. Spectrum Wavelength C.A) Int. Spectrum Wavelength (.A) Int. Spectrum Wavelength (A) Int. Spectrum 

2260.838 60 w 2515.48 100 w 3267.213 500 w 4190.41 10 w 
2272.348 20 w 2515.87 400 w 3285.13 600 IV 4378.58 10 w 
2272.66 50 w 2516.20 80bt w 3297.943 150 w 4411.38 5 w 
2283.027 40 w 2517.29 200 w 3316.546 200 w 4436.15 7 w 
2287.01 2 w 2520.68 10 w 3332.962 300 w 4468.85 20 w 
2288.29 2 w 2522.28 5 w 3344.46 400 w 4502.25 30 w 
2294.524 50 w 2527.27 150bl w 3423.125 350 w 4503.74 40 w 
2301.04 3 w 2527.50 200 w 3452.159 50 IV 4549.27 5 w 
2324.13 20 w 2529.63 6 w 3473.536 500 w 4620.35 15 w 
2363.c Ml VIn 2529.90 10 w 3492.226 900 w 4626.06 5 w 
2368.272 40 w 2604.71 10 v 3508.457 800 w [9896.6) XIn 
2371.027 50 w 2624.54 5 w 3511.284 500 w 
2383.355 5 w 2868.98 5 w 3517.556 700 w Wavenumber Int. Spectrum 
2479.75 20 v 2961.29 300 w 3519.638 5 w (em- J) 

2481.60 5 v 3070.7c Ml VII 3527.034 400 w 
2495.47 80 w 3076.Oc Ml VII 3541.076 500 w 4902 Ml 2497.14 200 3096.Oc Ml 3546.770 10 IX 

W VII w 
3473 Ml 2501.37 5 w 3208.20 500 3638.86 50 v w w 
2731 MI 2501.60 '3bl 3214.13 10 3662.01 1 VI w W w 2687 Ml 2507.76 300 3241.343 20 3662.88 2 VIII 

W W w 
1710c MI 2508.01 300 w 3246.143 100 3725.92 300 vm w w 
(409~lJ 

~514.:30 200 w 3253.426 15 w 3805.81 10 
XlU w 
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